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ABSTRACT 
The  following  studies were  conducted  to determine hydraulic,  aeration, 
and degasification characteristics associated with various air‐lift pumps. The first 
study  presented  data  on  a  20.3  cm  air‐lift  used  to  support  adult  Yellowtail 
broodstock  (Seriola  lalandi)  in  an  oligotrophic  warmwater  marine  RAS 
(recirculating aquaculture system). Empirical relationships were used to estimate 
actual oxygen  and  carbon dioxide mass  transfer  rates  (AOTR & ACTR)  as  the 
inlet oxygen or carbon dioxide concentrations were perturbed under lift heights 
of 30.5, 38.1, and 45.7 cm. Transfer rates, kg of constituent per day, were found to 
be dependent  on  air  injection depth  and  volume,  aqueous  gas  concentrations, 
and lift height. Liquid flows ranged from 623 – 1,117 l min‐1 for corresponding air 





pumps  in  low‐head,  freshwater  recirculation  systems.  Results  varied  as  pipe 
diameter, gas to liquid ratios, and lift to submergence ratios varied; with transfer 
rates  increasing  with  pipe  diameter  and  air  injection  volume.  SOTR  values 
ranged  from 0.0594 kg O2 hr‐1  to 0.2073 kg O2 hr‐1 while SCTR varied between 
0.0013  to  0.0061 kg CO2 hr‐1. All  configurations were  capable of  stripping CO2 
less than 20 mg l‐1 while targeting DO levels of 5 mg l‐1.  
Steady state analysis shows that 20.3 cm air‐lifts can meet O2 consumption 
and CO2 production  rates of broodstock,  fingerling, and growout  categories  in 
warmwater marine environments. As feed rate varied from 4 to 17 kg feed day‐1, 
oxygen  and  carbon dioxide  levels were  sufficiently maintained  for  broodstock 
and fingerlings, with supplemental air recommended for growout conditions.  
CHAPTER 1: INTRODUCTION 
Over  the years, aquatic  facilities have attempted numerous  technological 
approaches  as  stratagems  to  the  increasing  seafood  market  demand  and 
dwindling ocean supply. As water availability concerns and stringent discharge 
requirements are becoming more problematic, Aquaculturists are forced to resort 
to  alternate  and more  robust  technologies,  including  recirculating  aquaculture 
systems  (RAS).  Timmons  et  al.  (2001)  state  recirculating  aquaculture  systems 
generally conserve greater then 90% of the water as compared to more traditional 
setups.  They  are  fundamentally  conditioned  to maximize  existing water  use, 
creating  a  need  for  continuous  water  circulation  and  high  degrees  of  water 
treatment.  Nevertheless,  there  are 
several  basic  concepts  that  are 
clearly  defined  for  recirculating 
units, with  the majority of  literature 
agreeing  with  the  related 
assumptions and principles:   
1. RAS  were  implemented  for 









3.  Their  continuous water movement  for oxygen  replenishment  and waste 







recirculation  of  waters  through  the  water  treatment  block  in  a  recirculating 
system.  Centrifugal pumps are extremely efficient at water movement, but they 
must be matched with the treatment components through their pump curve that 
relates  flow  delivery  with  the  expected  headlosses.  Savings  in  capital  and 
operating costs for such single components serving multiple duties can overcome 
the  losses  seen  from  individual  process  inefficiencies.  Air‐lifts  have  been 
successfully utilized  in  recirculation  systems due  to  their  circulation,  aeration, 
and degasification capabilities (Loyless and Malone, 1998). 
Air‐lift  pumps  are  self‐contained  liquid  transport  devices  capable  of 






The  construction  of  an  air‐lift  consists  in  its  simplest  form  of  an  open‐
ended  submerged  pipe  fitted  with  a  receiving  air  injection  source  near  the 
bottom,  either  by  side  or  concurrent  injection.    As  gas  is  injected,  typically 
surrounding air  from a centrifugal blower,  the specific gravity of  the gas/water 











above  the water  surface  to  the  set discharge point  (shown  as  centerline of  the 
headpiece). Submergence  is  seen as  the distance below  the water  source  to  the 
point  of  air  injection.  Together,  submergence  to  lift  ratio  (S:L)  represents  the 
















=                    Eq. 1‐2 
Air‐lifts  are  said  to  be  most  efficient  in  applications  between  65‐75% 
submergence  (Wheaton,  1977).  More  recent  literature  reports  maximum 
pumping  efficiencies  at  the  higher  end,  around  80%  (Timmons  et  al.,  2001). 
Malone  and  Gudipati  (2005b)  developed  very  conservative  aquacultural 
guidelines, stating submergence to lift ratios should be kept in the range of 4 to 5. 
Nevertheless,  a  standard  guideline  helps determine  the  required  submergence 
for a known lift height. For example, if an air‐lift is going to operate at 12 inches 





air  input needed  for  the  resulting  liquid discharge. A QG:QL  ratio of 2:1 would 
require 850  l min‐1 air  injection  if  the desired  liquid  flow was  425  l min‐1.  It  is 
generally more  desirable  for  aquaculture  facilities  to  operate  air‐lifts  at  lower 
QG:QL ratios from an energy consumption outlook. Malone and Gudipati (2005b), 




water  splurging,  and  decreased  efficiencies.  Conversely,  ratios  near  3:1  and 
slightly  lower  generally  provide  for  sufficient  aeration  (Timmons  et  al.,  2001). 















Lastly,  air‐lift  performance  and  ensuing  gas  transfer  are  largely 





stones.  Little  interactions  between  the  bubbles  are witnessed  as  they  are well 
distributed  over  the  riser  pipe.  Gas  transfer  is  greater  in  this  regime,  but 
unsuccessful  in  producing  the  desired  liquid  flows  for  most  recirculation 
systems.  











Design  guidelines  for  gas  exchange  performance  in  air‐lifts  is  fairly 
limited, particularly  for CO2  removal, and propagated  the  following objectives 
for study and clarification. Hydraulic, aeration, and degasification performance 
capabilities  for various air‐lift configurations were  the main  focus  in  this  thesis 
work. The objectives of each chapter are listed: 
CHAPTER 2:  To determine the relationships between air input, headloss, 






CHAPTER 4: To  incorporate  the experimental  results  into a  steady  state 












































have  made  them  a  popular  choice  among  aquaculture  facilities.  Historic 
drawbacks  associated  with  high  energy  consumption  for  continuous  water 
circulation  and  extensive  water  treatments  have  limited  their  expansion. 
Adoption  of  air‐lifted  PolyGeyser®  combinations  have  been  noted  as  more 
compact  and  energy  efficient  tools  for  use  in  recirculation  systems  (Gudipati, 
2005b).  They  provide  treatment  for  a  RAS’s  fundamental  processes;  water 
circulation,  gas  transfer,  solids  capture,  and  bio‐filtration  (Johnson,  2008). 
Floating bead filters (FBFs) were implemented in the 90’s as a solids capture and 










distinct  aquaculture  category  requiring  a  unique  set  of  design  criteria. While 
considerable  progress  has  been made  in marine  facilities  (Davis  and Arnold, 
1998; Howerton, 2001; Mozes et al., 2003), further development will help simplify 
the appropriate sizing of RAS components. Hubbs‐Sea World Research Institute 
(HSWRI) undertook  a project  to  support  broodstock maturation  for California 
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yellowtail (Seriola lalandi) under marine oligotrophic conditions. The target of the 
research  was  to  evaluate  the  performance  of  an  air‐lifted  PolyGeyser®  FBF 
configuration. The focus of this article, however, was placed solely on the air‐lift 





Once air  is  injected  into  the  lift pipe  the density of  the air/water mixture drops 





injected,  seen  in  [B],  headlosses  are  incurred  and  total  lift  is  represented  as 
dynamic  lift,  which  incorporates  all  frictional  losses  associated  with  pipes, 





Gas  to  liquid  flow  ratio  (QG:QL)  is  another  factor  controlling  air‐lift 
operation  (Reinemann  and  Timmons,  1989  and Wheaton,  1977).   Malone  and 
Gudipati (2005b) suggested that submergence ratios in the range of 4‐5:1 should 
be  combined  with  a  QG:QL  less  than  two  to  assure  energy  efficiency  in 
aquaculture  operations.  Wurts  et  al.  (1994)  conducted  hydraulic  studies  for 











pipe  resulting  in  optimal  ratios  of  2.0,  1.3,  and  1.0.  Parker  and  Suttle  (1987) 
measured  water  flow  rates  in  air‐lift  pumps  ranging  from  3.75  to  30  cm  in 








the  need  to  balance  CO2  removal  and  O2  supply.  Aeration  studies  are more 
widely available  to  the Aquaculturist, as  the air‐lift was not  typically used  for 
degasification. With only a small amount of research on CO2 stripping, the ability 
for comparison is scarce. Colt and Orwicz (1991) along with Boyd (1990) looked 
at  an  assortment  of  subsurface  aeration  devices,  comparing  their  standard 
aeration  efficiencies  (SAE).  Experimenting with  air‐lift  pumps,  static  and  zero 
















[A],  along with  dual  20.3  cm  (8  inch)  air‐lifts,  [B].  Due  to  setup  constraints, 
however, all  tests were evaluated across a single 20.3 cm air‐lift. On  top of  the 
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air‐lift  lies  a  20.3  cm  ‘T’ with  perpendicularly  attached  90°  elbows  for water 
discharge. The center  line of  the  ‘T’ was positioned at  the  tank water  level,  i.e. 
static  lift was  set  at  zero. The dynamic headlosses  associated with  this  system 
were  complexed  by  parallel  operation  of  a  bottom  center  drain  and  a  surface 
drain system that fed  into a sump (containing a  large, fine‐mesh, egg capturing 
net)  that  rejoined  the  flows prior  to passing  though  the PolyGeyser®.   During 
normal operations the flow through the dual airlift system ranged from 766 and 
1,277  l min‐1 while  total  lift  varied  between  32.6  and  48.8  cm.   Corresponding 





were measured  across  the  system  through  a  series  of  pitot  tubes.  Following 
procedures outlined by Loyless  and Malone  (1998),  submergence  and  total  lift 







validated with  a  calibrated  bucket  and  stopwatch. HQ40d  Dual‐Input Multi‐
Parameter Digital Meters were utilized  for DO, pH, pressure, and  temperature 
readings.  Other  measurements  during  experimentation  included  salinity, 
alkalinity,  and  lift  height  along with  submergence  depths.  It  should  be  noted 











focused  studies.  Each  study  related  the  amount  of  gas  input,  QG,  and  the 
resulting water flow, QL, as previously defined for multiple lift heights. Three air 
inputs were chosen to be evaluated; 850, 1,132, and 1,415 l min‐1, (30, 40, and 50 
ft3 min‐1,  respectively). The air delivery  rate was held  constant and water  flow 
was  measured  as  the  head  loss  for  the  system  was  artificially 
increased/decreased by manipulation of a ball valve on  the approach pipe. The 
process  was  repeated  for  each  gas  input  and  the  resulting  head  loss 
measurements. Each hydraulic performance test was conducted in triplicate and 
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30.5 20% 850 908 0.94
38.1 25% 850 755 1.12
1,132 979 1.16
1,415 1,117 1.27












The  theory  and methods  presented  by  Loyless  and Malone  (1998)  and 
Johnson  (2008)  were  followed  for  the  gas  transfer  experiments.  Under  the 
selected operational conditions, aeration and degasification trials occurring from 
pre  to post‐air‐lift were examined. Dual probes were used  to measure  the  inlet 
and outlet pH/DO readings, DO for aeration and pH for degasification. For either 
study,  the author determined  the  top, or outflow, of  the PolyGeyser®  the most 
appropriate location for inlet air‐lift readings (refer back to Figure 2‐2). The outlet 
readings  were  measured  through  an  outlet  port  previously  tapped  into  the 
underside of the outlet ‘T’. A flexible piece of tubing connected to the outlet port 








The  meters,  attached  with  dual  luminescent  DO  probes,  were  first 
calibrated  following  the manufacturer’s recommendations. The meters were set 
to  record  simultaneous  measurements  at  predetermined  time  intervals.  The 
probes were  then  placed  in  test water  bath  and  allowed  to  equilibrate  until 
similar  readings  were  obtained.  Finally,  the  probes  were  moved  to  their 
respective  inlet and outlet positions  for  recording. The dissolved oxygen  levels 
were then altered by purging pure nitrogen gas, a means of oxygen depletion in 






The  oxygen  transfer  rate,  OTR,  was  determined  from  multiplying  the 
liquid flow by the difference in inlet and outlet concentration, as seen in Eq. 2‐1.  
  ( ) 6102460 −∗∗∗∗−= Ltout QCCOTR                  Eq. 2‐1 
OTR (kg O2 day‐1) describes the oxygen uptake occurring at each recorded point. 
Ct is the oxygen concentration seen at the inlet (pre air‐lift) and Cout denotes the 
outlet  (post air‐lift) concentration, both  in mg  l‐1. QL  (l min‐1) was estimated by 
the average of several measurements during the experimentation. A set of plots 
portraying  the  concentration  deficit,  Cdeficit  determined  by  Cs‐Ct  where  Cs  is 
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saturation concentration, versus the oxygen uptake rate were then analyzed. Due 
to  the  influence  of  the  pure  oxygen  bleed  into  the  holding  tank,  the  DO 
concentration  at  the  beginning  of  each  test was  assumed  to  be  the  apparent 
oxygen saturation concentration, denoted as Cs’ (mg l‐1). Linear trend lines were 
derived under an assumption of zero  intercept (Figure 2‐3). The resulting slope 
represents  an  OTR  coefficient  for  Cdeficit,  ultimately  relating  OTR  with  its 
particular deficit concentration.   
The graph  represents one particular aeration  study performed at 1,415  l 
min‐1  of  air  for  two  various  lifts,  38.1  and  45.7  cm.  The  oxygen  transfer 
coefficients were  drawn  and  their  relationship with  the  rate  of  air  input was 
examined.   An additional linear regression was utilized plotting air flow versus 
the  OTR  coefficient  and  the  resulting  trend  line  produced  a  second  slope 
coefficient, arbitrarily defined as K O 3.202 . This value allowed  the actual oxygen 
transfer rate, AOTR, to be calculated as seen in Eq. 2‐3.   
( ) GtsO QCCAOTR K ∗−∗= ʹ3.202                    Eq. 2‐3 
AOTR is represented in units of kg O2 day‐1. QG is once again air flow in l 





The  same meters were  utilized  for  recording  but  pH  probes  replaced  the DO 
probes. They were calibrated to within a 92‐102% slope using 4, 7, and 11 buffer 
solutions.  Alkalinity  of  the  test  water  was  measured  in  triplicate  by 




































The probes were allowed  to equilibrate and  then placed  in  their  inlet or 
outlet position. Carbon dioxide gas  replaced  the nitrogen gas as  it provoked a 
moderated rise in CO2, as evidenced by a decrease in pH.  The purge was cut off 
when  the  desirable  pH was  evident  and  readings were  taken  until  pH  levels 
reached measurements  near  those  that  began  the  trial.  The  pH  and DO were 
continuously monitored  in the holding tank for safety purposes. The  large tank 
volume masked the influence of the short term perturbations of the gas balance.  
The  carbon  dioxide  concentration was  determined  upon  the  carbonate 







Dickson and Millero  (1987), Dickson  et al.  (2007), Kilho  (1969), and Zeebe  and 
Gladrow (2001).  
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and  K2  are  the  first  and  second  acid  dissociation  constants  derived  from 
equations  found  in  Appendix  A  from  Lueker  et  al.  (2000).  The  dissociation 
constants  were  based  on  temperature  and  salinity,  in  units  Kelvin  and  ppt 
respectively. The formula weight of carbon dioxide is noted as 44.01 g mol‐1 and 
the  density  of  seawater  at  test  temperature,  рsw  in  kg  m‐3,  was  based  on 
adaptations from Schetz and Fuhs (1999).  
The  deficit  role  for  the  degasification  process  was  then  reversed, 
portraying  a  lower  saturation  concentration  and  determined  by  Ct‐Cs.  The 
carbonate buffer  system  exists  in  salt water  as  it does  in  fresh water, yet only 
more  effective  with  the  presence  of  the  excess  base.  For  research  purposes, 
however,  the same assumptions were adapted  from Loyless and Malone  (1998) 
and Eshchar (2003), assuming Cs to be constant at 0.5 mg l‐1. The CTR represents 
the kg CO2 day‐1 that occurs at the specified deficit and liquid flow.  
( ) 6102460 −∗∗∗∗−= Loutt QCCCTR                  Eq. 2‐5 
Ct and Cout are once again  the  inlet and outlet concentrations, only now as mg 
CO2  l‐1. A  linear  regression  of CTR  versus deficit produced  this  time  a  carbon 
dioxide  transfer  coefficient,  CTR  coefficient  for  Cdeficit.  Figure  2‐4  shows  an 


































The  transfer  coefficients  were  plotted  against  their  corresponding  gas 
inputs  and  a  secondary  linear  regression  was  implemented.  The  resulting 
coefficient,  noted  asK CO3.20 2 ,  allowed  the  determination  of  ACTR,  the  actual 
carbon transfer rate as seen in Eq. 2‐6.  







1973; Reinemann,  1987; Castro  and Zielinski,  1980; Loyless  and Malone,  1998). 
Therefore, when predicting  the water delivery with oxygen and carbon dioxide 
transfer,  the authors deem  the  results are  significant  to  the  specific parameters 
tested  and  are  only  an  estimation  of  the  gas  transfer  kinetics.  The  first  set  of 
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experiments  display  hydraulic  relationships  for  certain  air‐lift  parameters; 
including  QG,  QL,  lift  height,  and  submergence.  The  second  and  third  set  of 
experiments  utilized  the  hydraulic  parameters  to  perform  aeration  and 
degasification  studies  in  order  to  obtain  oxygen  and  carbon  dioxide  transfer 
rates.  
The  hydraulic  analysis  showed  that  liquid  flow  increased  linearly with 
respect  to gas  input,  shown  in  Figure  2‐5. Most  air‐lift  fluid delivery  tests  are 
represented with  logarithmic  fits,  as  their  studies  allowed  gas  test  values  to 
approach  levels  nearing  zero.  In  this  lower  range  of  air  flows, water  delivery 




































The  linear  fit  is  validated  across  the  range  of  gas  inputs  tested,  with 
resulting  water  flows  for  separate  lift  heights.  Comparing  with  similar  gas 
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inputs, higher liquid flows are seen for smaller lift heights, as expected; i.e. as lift 
to  submergence  ratios  decrease,  the  ensuing  water  discharge  increased. 
Empirical equations for predicting water flow were established. 
03.227*6386.0 += GL QQ           Eq. 2‐7 
    [L = 38.1 cm, QG = 850 – 1,415 l min‐1, QL = 735 – 1,135 l min‐1] 
 




min‐1  of  water  and  gas,  respectively,  while  L  denotes  lift  height  in  cm.  The 







an  air  injection  of  approximately  800  l min‐1 would  achieve  the  30.5  cm  sec‐1 
velocity recommendation, reducing energy requirements. 
The actual aeration and degasification kinetics  for  the 20.3 cm air‐lift are 
ultimately  related  to  the  relationships  found  in  Figure  2‐6.  The  oxygen  and 
carbon  dioxide  kinetic  behavior  is  drawn  from  the  applied  linear  regressions. 


















































Everything beyond  is noted as a  reserve, or  the attainable  range  for  this 
air‐lift.  Extrapolations  are  not  recommended  beyond  the  air  flow  regime,  as 
linear  representations  are  not  expected.  Table  2‐2  shows  the  developed 




 L QG QL AOTR ACTR
[cm] [l min‐1] [l min‐1] [kg O2 day
‐1] [kg CO2 day
‐1]
30.5 850 908 0.00114 QG (Cs‐Ct) 0.00069 QG (Ct‐Cs)
38.1 850 ‐ 1,415 755 ‐ 1,117 0.00098 QG (Cs‐Ct) 0.00063 QG (Ct‐Cs)
45.7 850 ‐ 1,415 623 ‐ 923 0.00080 QG (Cs‐Ct) 0.00056 QG (Ct‐Cs)  
 
The  transfer  coefficients  show modest  resilience  to  varying  lift  heights, 
increasing  slightly  as  lift  decreases. With  no  statistically  significant  difference 
between the various lift heights, a combined regression equation may be feasible. 
For  comparison  purposes,  however,  the  equations  were  independently 
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represented. The  larger  transfer  coefficients  can be  correlated with an  elevated 
residence time  in the draft pipe column,  i.e.  lower  lift heights result  in a  longer 
vertical water column. This lowered lift height increases submergence, increasing 
the air/water contact time, allowing for supplemental transfer.  
Though  aeration  trials  present  higher  transfer  coefficients,  the  authors 
suggest gas  transfer  is oxygen  limited;  i.e.  carbon dioxide  transfer will  surpass 
the oxygen  transfer. This  is mainly  contributed  to  the presumption  that  larger 
deficits are typically seen for carbon dioxide. In normal seawater at 20°C oxygen 
saturation  is  set  at  7.60  mg  l‐1  (Timmons  et  al.,  2001)  whereas  CO2  can  be 
presumably  defined  at  0.5  mg  l‐1,  as  mentioned  earlier.  Water  quality 
recommendations were also provided for typical aquaculture settings; > 5 mg l‐1 
DO,  <  60 mg  l‐1 CO2  for  tolerant  species  (i.e.  tilapia),  and  <  20 mg  l‐1 CO2  for 
sensitive species (i.e. salmonids). Therefore, even for sensitive species, the degree 
of concentration deficit is clearly observed. Applied to a typical air‐lifted marine 







the water  is  sufficiently  aerated  to  sustain  fish  systems  via  air‐lift,  the  system 
water in turn will be adequately degasified.  
CONCLUSION 






marine  environment.  Transfer  kinetics  for  O2  and  CO2  were  well  described 
through  linear  relationships  as  a  simple  pseudo‐second  order  correlation was 
adequate for the author’s engineering objectives. As the optimization of air‐lifted 
PolyGeysers®  are  further  developed,  the  economic  viability  for  efficiently  and 

































Recirculating  aquaculture  systems  (RAS)  have  evolved  from  traditional 
flow  through  systems  as  pertinent  solutions  for  water  availability,  disease 
management, and environmental impacts. The continuous water circulation and 
extensive  water  treatment  have  prevented  them  from  becoming  more 
commercially  accepted.  Therefore,  simpler  and  more  efficient  designs  are 
essential  for  associated  costs  and  energy  reduction. Air‐lifts  contribute  to  the 
fundamental  recirculation processes of water movement, oxygen delivery,  and 
carbon  dioxide  removal  providing  engineers  an  opportunity  for  process 
consolidation.  
An  alternative  to  the  more  common  centrifugal  pump,  the  air‐lift 
mechanism provides  a  simpler, more  compact,  and  energy  efficient device  for 
low‐head water  circulation  (Spotte,  1970).   Timmons  et  al.  (2001)  state  air‐lifts 
move  the  highest  volume  of  water  per  unit  of  energy.  Cost  efficiencies  are 
increased  compared  to  centrifugal pumps  as  operation  and maintenance  costs 
are lowered due to the absence of moving parts and minimal required technical 











air  injection  received at  some  location near  the bottom  (Wheaton, 1977).   Once 
the  design  variables  are  understood,  they  are  easily  constructed  from  readily 




technology  can  be  found  in Nicklin  (1963),  Timmons  et  al.  (2001),  and many 
others.  Figure  3‐1  shows  a  typical  sketch  of  a  siphoning U‐tube  air‐lift  pump 
(SUTA). The theory and operation of the SUTA pump are similar to those of the 
basic  air‐lift,  differing  only  in  that  the  approach  pipe  usually  draws  effluent 
water from a pressurized filtration device, creating a siphoning phenomenon. 
An  air‐lift  that  discharges  above  a  water  source  has  a  slightly  more 
complex  operation  than  one  discharging  at  the  source.  The  vertical  distance 
between  the  air  injection point  and  tank water  level  is  referred  to  as  injection 
depth. In representation [A], when air‐lift is non‐operational, the injection depth 




As  gas  enters  the  injection  tube,  the  lift  height  is  now  broken  into  two 
components, as dynamic headlosses accompany static  lift  in  representation  [B]. 
Dynamic  lift  represents  frictional  losses  incurred  after  exiting  the  tank  (pipe 
fittings,  filter,  etc…),  and  is usually measured  through  a  series  of pitot  tubes, 
which are easily tapped into PVC pipes and measured on a  vertically connected 
board with adjoining  ruler devices. Generally, pitot  tubes are constructed  from 







Gas  to  liquid  ratios  (QG:QL)  refer  to  volumetric  air  injection  and  the 
ensuing liquid flow, and help determine the level of efficiency a pump operates 
under. As air injection (QG) exponentially increases, the resulting fluid discharge 
(QL) will  linearly  increase  until  some  optimal  or  peak  air  injection  is met,  at 
which water  flow will  slowly decline  (Wurts  et  al,  1994; Castro  and Zielinski, 
1980; Todoroki et al., 1973; Parker and Suttle, 1987; and Reinemann et al, 2001). 
Castro and Zielinski (1980) used S:L ratio alongside length and diameter of pipe 
to  predict maximum  liquid  flow  for  a  specific  air  injection. Others, Gudipati 
(2005),  Johnson  (2008),  and  Loyless  and Malone  (1998),  developed  discharge 





(1987),  several  centimeters  of  line  back  pressure  can  greatly  reduce  air‐lift 




and  thus  appropriately  receives  a  lot  of  attention  in  any  facility design  effort. 
However, with  increasing  density  levels  and  feed  loadings, CO2 management 
has  become  critical  to  a  successful  unit.  There  are  numerous  aeration  and 
degassing devices are available to recirculation units, but most are economically 
unpopular due to large capital and maintenance investments.  
Reinemann  and  Timmons  (1989)  provided  an  equation  to  predict  an 
oxygen  transfer  coefficient  from  Reynolds  number;  Re.  Independent  of  the 
system volume, the prediction  is based on the riser pipe volume alone with the 
conclusion  that  the  coefficient  was  indifferent  to  wastes  in  the  water,  initial 
bubble size, or flow pattern. Tyler et. al (2006) showed aeration kinetics for three 
10.2 cm air‐lifts in partial recirculation and aeration systems (PRAS) as part of a 
raceway  flow  through system. They were able  to obtain 0.081 kg O2 hr‐1 under 
284  l  min‐1  (75  gal  min‐1)  liquid  flow.    Furthermore,  the  PRAS  maintained 
discharge oxygen  levels above 5 mg  l‐1  for 2.15 and 2.61  lb  ft‐3 biomass density 




lifts  transferred  oxygen  1/5  to  1/2  the  rate  of  open  water  aeration  systems. 
Johnson  (2008) presented actual oxygen  transfer rates  (AOTR)  in a 15.2 cm  (6”) 







carbon  dioxide  transfer  rate  (SCTR)  equations  for  5.08  cm  air‐lifts.    They  saw 
SCTR rates  from 0.3  to 1.4 g CO2 hr‐1  in similar conditions  to  their SOTR work. 
They  concluded  degasification  increased  as  gas  input  increased.  Their  steady 
state  analysis  concluded  carbon  dioxide  concentration  had  a  tendency  to 
decrease  as  a  constant  air  injection was  proportional  spread  to  an  increasing 








related  to  air‐lifts,  the  principle  for  using  gas  to  liquid  proportionalities was 
adopted  in  this  study.  Piedrahita  and  Grace  (1991)  performed  studies  for 
predicting carbon dioxide transfer coefficients for a packed column utilizing Pall 
rings, and concluded  that carbon mass  transfer  increased significantly with gas 
to  liquid  ratio  and  only  decreased  slightly  with  alkalinity.  Others,  such  as 
Aitchison  (1999) and Eschchar et al.  (2003),  conducted  studies on CO2  removal 




Experiments were  performed  at USDA  research  facility Harbor  Branch 
Oceanographic  Institute  (HBOI).  3‐m  diameter  tanks  (1.2‐m  depth,  volume 
approximately  7.8 m3) previously  installed 
for  rearing  studies  were  used  for 
experimentation.  The  tanks  were 
complemented with PolyGeyser® bio‐filters 
(see  Figure  3‐1)  followed  by  SUTA 
(siphoning  u‐tube  air‐lift)  pumps  for 
circulation and gas exchange. However, the 
filters  chambers were  free  of media  since 







were  studied;  10.2,  15.2  and  20.3  cm  in 
diameter.  The  air  injection  pipe  was  set 
approximately 152 cm  (60”) below  the water 







draws water  from  the  tank  and  feeds  into  the  filter.  [C]  and  [F]  resemble  the 
























Basic criteria were  followed  for  the experimental protocol. The approach 
pipe, [B], was sized targeting a minimum water velocity of 0.61 m sec‐1 (2 ft sec‐1), 
to prevent  solids  from  settling  (Ricketts  et al.,  2004; Timmons  et al.,  2001;  and 
Malone  and Gudipati,  2005b).  The  lift  portion  of  the  SUTA,  [C],  followed  an 
assumed water velocity of 0.30 m sec‐1 (1 ft sec‐1), also adapted from Malone and 




typically  seen  in  PolyGeyser®  filters,  S:L  ratios  were  controlled  by  artificial 
manipulation of  the ball valve,  [D],  located on  the approach pipe. Dynamic  lift 







in Table 3‐1.   Liquid and gas  flow, SUTA pipe  size, L:S, and QG:QL values are 
presented as each analysis was performed  in  triplicate. The outlet drain below 
the  tank was  limited  to 10.2 cm  (4  inch) along with a max blown air volume of 
580.4  l min‐1 (21 ft3 min‐1). As a result, the max attainable water flow  in the 20.3 




Air‐lift dia. QG QL L
[cm] [l min‐1] [l min‐1] [cm]
10.2 169.9 163.5 30.5 20% 1.0
15.2 339.7 341.4 30.5 20% 1.0
495.5 338.4 38.1 25% 1.5




Each gas  transfer experiment was conducted on an  individual setup,  i.e. 
degasification  studies were performed  in  separate air‐lift/tank units  to prevent 
interference  from  the  chemicals  used  in  the  aeration  studies,  and  vice  versa. 
Ample  time was permitted  in between studies  for equilibrium  to  reestablish  in 
the test water. Triplicates were performed for each experiment and meters were 











were  taken  at  inlet  and  outlet  air‐lift  positions  to  observe  the  oxygen  mass 
transfer occurring at a single time. The DO probes were calibrated following the 
manufacturer’s  recommendations.  Inlet  readings  were  taken  near  the  bottom 
drain of the tank while outlet measurements were recorded at a certain position 




simultaneous  measurements  at  predetermined  time  intervals  and  allowed  to 
equilibrate before experimentation,  to within 1%. The air‐lift was  then shut off, 
and  following  ASCE  Standard  2‐91  (1992),  650  grams  of  Anhydrous  Sodium 
Sulfite  catalyst  along  with  1.3  grams  of  Cobalt  (II)  Chloride  were  added  to 
deoxygenate the test water near 0 mg l‐1, and readings taken until 90% saturation.  
Data Analysis 
Dissolved oxygen measurements were  taken directly  from  the meters as 
mg  l‐1  of DO. A  linear  regression  analysis was  used  to  calculate  the  transfer 
coefficients for oxygen transfer. First, the mass transfer rates were determined for 
each measurement time step. The difference in the inlet and outlet concentration 
was multiplied by  the average  liquid  flow  resulting  in an oxygen  transfer  rate, 
OTR in kg O2 day‐1.  
( ) 6102460 −∗∗∗∗−= Ltout QCCOTR         Eq. 3‐1 
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Ct and Cout represent inlet and outlet oxygen concentration, mg l‐1; and QL 
is water discharge  in  l min‐1. The  transfer  rates were plotted against  the deficit 
concentration, Cdeficit_O2 in mg l‐1, as described through equation 3‐2: 
                             Eq. 3‐2 tsOdeficit CCC −=2_
where Cs  represents DO  saturation  concentration at  test  temperature  in mg  l‐1. 
DO  saturation was  interpolated  based  on  freshwater  and  test  temperature. A 
linear  trend  was  used  under  zero  intercept  assumption.  The  resulting  slope 
coefficient was termed OTR coefficient for Cdeficit. The coefficients were averaged 
and  correlated  with  gas  input  to  develop  equations  for  predicting  oxygen 
transfer rates as a function of concentration deficit and air injection input.  
From  the plot,  there seems  to be greater oxygen  transfer potential as air 
injection increases for the same size pipe, i.e. as the 15.2 cm study increased from 
a  1:1  QG:QL  to  1.5:1.  There  is  a  larger  differential  between  the  two  15.2  cm 



































However,  the argument  can be made  there  is a much  larger differential 
between  the  1:1  10.2  cm  study  and  the  1.5:1  15.2  cm  study. Nevertheless,  no 
conclusions were drawn on these assumptions as the data may seem biased, as it 
was the only study that analyzed two or more air injections. The resulting OTR 




Air‐lift dia. Lift QG OTR
[cm] QG:QL [cm] [l min‐1] [kg O2 day
‐1]
10.2 1:1 30.5 169.9 0.058 (Cs‐Ct) 
15.2 1:1 30.5 339.7 0.083 (Cs‐Ct) 
15.2 1.5:1 38.1 495.5 0.127 (Cs‐Ct)
20.3 1.2:1 30.0 580.4 0.152 (Cs‐Ct)  
The standard oxygen  transfer rate  (SOTR) was determined next  for each 
set  of  air‐lift  data.  The  calculations  were  adapted  from  the  ASCE  standard 
method  for measurement  of  oxygen  transfer  in  clean water  (ASCE,  1992).  A 
linear regression was performed to predict the gas transfer coefficients from the 














ln             Eq. 3‐3 
Cs is calculated identical to the method used above. The data outside the 
20 and 90% range of saturation were truncated to eliminate residual error. Co and 
Ct  represent  initial  and  temporal  concentration,  respectively.  KLa  values, 
represented  as  min‐1,  were  taken  for  both  inlet  and  outlet  readings  with  no 







−Θ∗=                Eq. 3‐4 
Where  (KLaO2)20  represents  the  oxygen  transfer  coefficient  at  20°C,  (KLaO2)T 




−∗∗∗−∗= VCCaKSOTR mCsCOL oo   Eq. 3‐5 
Cs,20°C represents the saturation concentration in water at 20°C, 9.07 mg l‐1 
for O2. V  is volume of water  in  liters and Cm  is defined as  standard measured 
concentration,  representing  0  mg  l‐1  as  O2  (Loyless  and  Malone,  1998). 




Alkalinity  and  pH  measurements  were  used  to  calculate  the  carbon 
dioxide  concentration  from procedures outlined  in Loyless and Malone  (1998). 
Total  and  phenolphthalein  alkalinity  were  measured  with  digital  titration 
according to HACH test method 8203. The method is valid for ranges in between 
10  to  4,000 mg CaCO3  l‐1,  and  average  alkalinity  values were  near  155 mg  l‐1 
throughout  experimentation.  An  HQ40d  Dual‐Input  Multi‐Parameter  Digital 
Meter  was  utilized  for  pH,  temperature,  and  pressure  readings.  Separate 
readings were  taken at  inlet and outlet position  for  similar  reasons outlined  in 








CO2 calculations  for  the pH/alkalinity  tests were performed as  followed. 











          Eq. 3‐6 
The molecular weight of CO2  is 44,000 mg mole‐1 and  there  is 50,000 mg 
CaCO3 in one equivalent. The equilibrium reaction constant is noted as 4.3*10‐7 at 
25°C. Alk represents the form of alkalinity (bicarbonate, carbonate, or hydroxide) 
in  mg  CaCO3  l‐1.  The  phenolphthalein  indicator  equaled  zero  during  all 
experiments,  concluding  total alkalinity was  strictly  in  the  form of bicarbonate 
alkalinity.  
Methods  similar  to  the oxygen  transfer  calculations were  then  followed. 
The  carbon  transfer  rate,  CTR,  was  first  calculated  by  multiplying  the  CO2 
inlet/outlet concentration differentials by the liquid flow in Eq. 3‐7.  
( ) 6102460 −∗∗∗∗−= Loutt QCCCTR                  Eq. 3‐7 
All variables remain constant with OTR calculations except concentration terms, 
now  represented  as  mg  CO2  l‐1.  A  linear  regression  plotted  CTR  versus 
concentration deficit, with deficit reversed as seen in Eq. 3‐8.  
stCOdeficit CCC −=2_                Eq. 3‐8 










































on CTR  than pipe diameter, as  shown again  in  the 15.2  cm  case  study. But as 





Air‐lift dia. Lift QG CTR
[cm] QG:QL [cm] [l min‐1] [kg CO2 day
‐1]
10.2 1:1 30.5 169.9 0.044 (Ct‐Cs) 
15.2 1:1 30.5 339.7 0.062 (Ct‐Cs) 
15.2 1.5:1 38.1 495.5 0.081 (Ct‐Cs)
20.3 1.2:1 30.0 580.4 0.119 (Ct‐Cs)  
The standard carbon transfer rate (SCTR) was then determined similar to 
SOTR  calculations  and methods  found  in Loyless  and Malone  (1998). A  linear 















ln            Eq. 3‐9 
Co and Ct are initial and temporal concentration, and Cs followed previous 
assumptions. Data outside the 20 and 90% range were eliminated. The KLa values 
for  inlet  and  outlet  readings  were  averaged  as  there  were  no  significant 




−∗∗∗−∗= VCCaKSCTR CsmCCOL oo       Eq. 3‐10 
Cs,20°C represents the saturation concentration in water at 20°C, 0.5 mg CO2 l‐1. V is 
water volume in liters and Cm is standard measured concentration, 1 mg CO2 l‐1 
(Loyless  and Malone,  1998). Experimental data,  average Cdeficit  coefficients  and 
equations, and KLa20 and SCTR values can be found in Appendix B. 
Head Space Reactor Method 
An additional experiment  for estimating  the CO2 stripping capability  for 
each  air‐lift  configuration  was  evaluated,  utilizing  a  head  space  reactor  for 
measuring CO2. Watten et al. (2004) outline a feasibility technique of measuring 
dissolved carbon dioxide  through head space partial pressures. The head space 
reactor, Figure 3‐6, was positioned on a cat walk centered across  the  top of  the 
tank  for  in  tank  CO2 measurements. Only  one  reading was  recorded  for  this 
study,  taken  from  the bottom  center of  the  tank  similar  to  the pH or DO  inlet 
position in the previous studies. The water supply line into the reactor consisted 
of  flexible  tubing  fed  from  an  in‐tank  sump pump.  Flow  rate  into  the  reactor 
followed  recommendations  in  Watten  et  al.  (2004).  A  portable  CO2/O2  Gas 
Analyzer  from  CEA  Instruments  was  used  to  measure  the  head  space  gas 































CO           Eq. 3‐11 
where  BCO2  is  the  Bunsen  solubility  coefficient  value  for  CO2  based  on 
temperature  and  salinity  and  1.041  includes  the multiplication  factor  for  gas 







BPCOP G ∗=               Eq. 3‐12 
where BP is barometric pressure in mm Hg and % CO2 is the reading taken from 
the gas analyzer. Linear regressions were again used and Eq. 3‐9 was utilized to 
determine KLaCO2  followed with Eq. 3‐10  to determine SCTR  in kg CO2 hr‐1. All 





use of various  sized air‐lifts. The  first  set of analysis displays aeration kinetics 
under typical air‐lifted PolyGeyser® operating conditions. The SOTR was based 
on  the  transfer  rate  from  near  0  mg  O2  l‐1  up  to  near  saturation.  Table  3‐4 
summarizes SOTR values for the 10.2, 15.2, and 20.3 cm air‐lift studies.  
  KLa values were well  represented  through  linear  regressions,  resulting  in  r2 
values above 0.99. As shown, oxygen transfer increased with pipe diameter and 






10.2 15.2 15.2 20.3
QG:QL Ratio 1:1 1:1 1.5:1 1.2:1
QG  [l min
‐1]   169.9 339.7 495.5 580.4
QL  [l min
‐1] 163.5 341.4 338.4 495.1
Kinetics
KLaO2, 20 [min
‐1] 0.0151 0.0348 0.0370 0.0451
SOTR [kg O2 hr





Based  on  the  1:1  tests  only,  with  the  20.3  cm  trial  closely  related  for 




(1998) primarily due  to  the  larger  lift pipes and greater air  injections  tested  in 
these experiments. For comparison at similar air  injections,  they  reported 0.042 
kg O2 hr‐1 for approximately 170 l min‐1 air in a 5.08 cm air‐lift, whereas the above 
results show a slightly larger SOTR of 0.059 kg O2 hr‐1 for a 10.2 cm air‐lift. Their 
operating parameters, however, exceeded  the 0.30 m  sec‐1 water velocity  target 




reduced  lower  than 10 mg  l‐1. Table 3‐5 presents average KLa and SCTR values 
for  each  degasification  evaluation,  pH/Alkalinity  and  head  space  reactor.  The 
degasification  results  showed  smaller KLa  and  SCTR  values  than  those  in  the 
aeration rates. The pH/Alkalinity  trials produced rates from 0.0013  to 0.0057 kg 
CO2  hr‐1, while  head  space  trials  produced  0.0025  to  0.0061  kg CO2  hr‐1.    The 
initial  presumption  is  that  the  head  space  reactor, method  b,  produced  larger 
transfer  coefficients  and  SCTR  values  than  those  calculated  through 









10.2 15.2 15.2 20.3
QG:QL Ratio 1:1 1:1 1.5:1 1.2:1
QG  [l min
‐1] 169.9 339.7 495.5 580.4
QL  [l min




‐1] 0.0062 0.0171 0.0185 0.0226
SCTR [kg CO2 hr
‐1] 0.0013 0.0041 0.0044 0.0057
  b) Head Space method
KLaCO2, 20 [min
‐1] 0.0113 0.0218 ‐‐ 0.0281
SCTR [kg CO2 hr










495.5  l min‐1  along with  a  5%  increase  in  lift height. The  SCTR  (pH/Alkalinity 
method only) value increased 7.3%, whereas the change from the 10.2 to 15.2 cm 
air‐lift  (both 1:1 QG:QL) had a more dramatic effect on CO2 removal,  increasing 
SCTR  almost  216%. However,  only  a  30%  higher  stripping  change  is  noticed 
from  the  1.5:1  15.2  cm  air‐lift  trial  to  the  1.2:1  20.3  cm  pipe.  Based  on  these 
observations,  it seems SCTR  rates will begin  to plateau at some predetermined 
air  injection  volume  for  each  pipe  size,  with  further  studies  needed  for 
clarification.   
Loyless  and Malone  (1998) presented  SCTR values  for  a  5.08  cm  air‐lift 
near 0.0011 – 0.0013 kg CO2 hr‐1, almost identical to the 10.2 cm study, both tested 





  transfer  becomes  more  difficult  with  increasing  oxygen  and 
decrea
for the different sized pipes, and justification may be related to the submergence 
depths  and  liquid  flows  along with  their  effect  on  the  air/water  contact  time, 
controlling  the  in‐situ gas exchange per pass  in  the air‐lift. The  liquid flow and 
submergence depth in Loyless and Malone (1998) was near 125 l min‐1 and 91 cm, 
slightly  lower  than  the 164  l min‐1 and 122 cm  tested. The permissible  time  for 
air/water  contact  per  air‐lift  pass  equated  to  approximately  1  second  and  3.5 
seconds  for  the  5.08  and  10.2  cm  studies  respectively.  The  close  agreement 
between  the  SCTR  values  negates  the  fact  that  differences  in  residence  times, 
liquid  flows,  and  submergence  alone  have  a  substantial  effect  on  the  carbon 
stripping  potential  in  an  air‐lift.  For  instance,  the  15.2  cm  (1:1  QG:QL)  study 








at  lower  airflows.  With  limited  data  sets,  however,  empirical  relationships 












either  oxygen  or  carbon  dioxide,  versus  the  transfer  rates  for  each  air‐lift 





mg  l‐1,  arrows  correlate  the  oxygen  regression  lines  to  the  opposing  carbon 


































































15.2 1:1 0.262 0.378 6.6
15.2 1.5:1 0.370 0.518 6.9
20.3 1.2:1 0.453 0.631 5.8
ng CO2    
 






e  costs.  It  promotes  consolidation  for  key  recirculation 
 
s 6 mg  l‐1, would  result  in decreased CO2 concentration as  shown  in  the 
above  figure. Alternately,  lowering O2  standards would  result  in  higher  CO2 
values. Nevertheless, each air‐lift provides ample  stripping capabilities  to keep 
CO2 levels below the recommended 20 mg l‐1, assuming the target 5 mg DO l‐1. 
Higher  stripping  rates  are  seen  with  elevated  CO2  levels,  i.e.  larger 
deficits. For oxygen  transfer,  increasing deficits or depressed O2  levels  support
  aeration  rates. However,  the degree  of  oxygen deficit  is much  smaller 
than  that  seen  for  CO2,  exhibiting  oxygen  limitations  for  engineered  design 
efforts. Therefore,  if sizing a particular air‐lift  for gas  transfer alone,  the results 





components,  initial  analysis  indicating  they  can  be used  for water  circulation, 




















































This  section  analyzes  the  performance  of  a  particular  air‐lif
broodstock, fingerlin
tion  or  degasification  are  needed. A  dissolved  gas mass  balance  study 
(both  O2  and  CO2)  was  presented  on  an  air‐lifted  Polygeyser®  closed  loop 
recirculation system shown  in Figure 4‐1. The purpose was to predict  if air‐lifts 
alone  could  prevent CO2  or O2  concentrations  from  surpassing  recommended 
rules of thumb or guidelines for RAS applications, previously defined as >5 mg 






















RC1  and  RC2  are mass  flux  rates  between  tank  and  bio‐filter,  Rfish  and
Rbacteria are  transfer  rates due  to  fis
r delivery via air‐lift is defined as Rair‐lift; and although partially associated 
with RC2,  it was considered a separate  reaction  rate  for  this analysis. Boyd and 






case,  of  aquaculture ponds  as  the  proportionalities  of  the  gas  partial  pressure 
differentials between air and water, the water surface area, and water turbulence 
intensity,  controlled mostly  by  wind  speed.  Since  RAS  systems  are  typically 
indoors,  factors  such  as  wind  are  unseen.  Similar  conditions,  however,  are 
sometimes  encountered  through  rapid  water  circulation,  creating  turbulence 
similar  to  wind.  Nevertheless,  with  such  a  small  gas  transfer  capacity, 
atmospheric transfer was considered minimal and permitted Rae to be neglected 
in  this  study  (Boyd  and  Tucker  (1998)  cited  car on  transfer  rates  at  less  than 
0.0002 kg CO2 m‐2 day‐1 for light to moderate winds, with similar O2 results).  
The  rate of  reactions  terms and equation variables  for determining Ctank 
and Cb, either oxygen or carbon dioxide, are found in Table 4‐1. Ctank represe
  concentration while Cb  represents  effluent  bio‐filter  concentration. The 

















RC1  and  RC2  is  0.00144.   Kfish  and Kbac  equal  the  fish  and  bacterial  respiration 





ented  for  determining Ctank,O2  and Cb,O2,  tank  and  bio‐
filter  o
and Kbac  is related  to  the molecular equivalence between oxygen and CO2, 1.38 
moles CO2 per mole O2. Rair‐lift  is based on  the AOTR  and ACTR  relationships 
also taken from Chapter 2. The terms and units remain consistent, as Cdeficit and 























−−=       
With  the  above  equations  and  steady  state  conditions,  Eqs.  4‐3  and  4‐4 were 
derived  for  the  actual  determination  of  Ct
    Eq. 4‐2 











−=            Eq. 4‐3 OkOb Q00144.02,tan,




















A  carbon dioxide balance  is  fairly  similar  to  the oxygen equations, with 
 Following  the same pattern  in Figure 4‐1,  the 
carbon
slight variations  for certain rates.




























































The  solutions  for  both  oxygen  and  carbon  dioxide  tank  concentrations  are
verified  in  the  following  discussion  section,  and  their  respective  relationships 
i  (2005b)  developed  interim  guidelines  for  typical 







ing  system  setups.  This  approach was  controlled  by  feed  load  and  air 




 main  assumptions were  needed  for  consistency  throughout  each 
applica




tion  analysis. Dual  20.3  cm  air‐lifts were  recommended by Malone  and 
Gudipati (2005b) for certain applications, but a single 20.3 cm air‐lift was chosen 





Gudipati  (2005b)  were  defined  for  broodstock,  fingerlings,  and  growout 
applications as 4, 8.5, and 17 kg dry  feed day‐1,  respectively. Table 4‐2 outlines 
the remaining coefficients and their relevant values.  
Table  4‐2.  Air‐lift  K  values  along  with  fish  an
assumptions  for  oxygen  and  carbon  dioxide  chosen  for  the  steady  state 
analysis. 
Parameter O2 CO2 Units  Source














lues  for  fish  and  bacteria will 
vary  d
 
t  is  the  authors  understanding  that K  vaI
epending  upon  fish  age,  species,  backwash  frequency  in  the  bio‐filter, 
media  type,  feeding  periods,  etc… However,  as  this  analysis was  specifically 
centered  toward  oxygen  and  carbon  dioxide  response  to  air‐lifts,  the  same 
average values were adopted for each application. Also, Kbac was set toward the 









boundary  limits adapted  from Eq. 2‐6 are portrayed as  solid  lines  for O2, CO2, 
and QL,  representing  850  –  1,415  l min‐1  air  injection. Extrapolations were  not 
recommended beyond  these  limits, but  for academic purposes a  theoretical gas 
range (1,415 – 2,250 l min‐1 or the ongoing dotted lines) was included to portray 















































hmically ascend up  to  the design air  injection, where O2  then observes a 










exponential  decrease  with  increasing  air  injection,  ostly  due  to  the  arger 
concentrations values than seen in the oxygen profile.  
The  tested air‐lift clearly shows  the ability  to s
rbon  dioxide  over  the  calibrated  and  theoretical  gas  flow  range  for  a 
broodstock application. It appears that Malone and Gudipati (2005b) developed a 
large  reserve  capacity  when  constructing  the  air  injection  guidelines,  as  the 
design QG represents an oxygen concentration near 8.4 mg  l‐1 and CO2 near 2.8 
mg l‐1, satisfactory for the recommendations. On the contrary, a much lower gas 




20.3  cm  air‐lift  experimental  gas  range  has  the  ability  to  support  the  tested 
broodstock  application  based  on  the  noted  assumptions  and  steady  state 




gerling application, where  feed rate was raised  to 8.5 kg dry  feed day‐1.  
Doubling the daily feed rate seems to have a significant effect on dissolved gas 
management as oxygen levels were lowered and carbon dioxide trends rose past 
those  seen  in  Figure  4‐2.  The  design QG  still  remains  a  conservative  estimate 
based on extrapolated observations, as concentrations neared 7.6 mg O2  l‐1 and 
5.4 mg  CO2  l‐1.  The  fingerling  category  diversifies  itself  from  the  broodstock 
category  as  it  portrays  a minimum QG,  950  l min‐1,  at which O2  reaches  the 












































fingerling environment  (F  =  8.5 kg day‐1) employing  a  20.3  cm  air‐lift over  a 
particular range of gas flows. 




The  final analysis  incorporated  the  intensive growout category,  fed at 17 
extrapolations for the 
 
Meanwhile,  however,  carbon  dioxide  was  still  sufficiently  maintained 
below  the  target  20  mg  l‐1,  at
ched 15 mg l‐1 at the lowest tested QG.  





up  to 2,250  l min‐1  included  in  the  extrapolations,  if allowed. Adapting design 
recommendations  for  air  injection  only,  Figure  4‐3  shows  the  recurring  safety 







considerably  larger  stress  zone was witnessed  immediately,  reducing  the  QG 
operating zone between 1,700 and 2,250 l min‐1, much smaller than the fingerling 















































growout  environment  (F  =  17  kg  day‐1)  employing  a  20.3  cm  air‐lift  over  a 
particular range of gas flows. 




The  resulting  QG  safety  factor  then  becomes  a  marginal  1.2,  leaving 
minimal  room  for  operational




  As  shown,  the  tested  air‐lift  configuration  can  potentially  support  a 
growout system at 80% of the recommended air injection rate. However, care
consideration  should  be  given  as  the  operating  QG  zone  incorporates 




d analysis  can be manipulated  for a number of  feed  rates, and 













e  as  F  decreases,  with  alternate  results  if  F  increases.  Under  certain 
circumstances,  the  air‐lifted  configuration  has  shown  the  ability  to  equal  or 





role  in  air‐lift gas  exchange performance, particularly dissolved oxygen. 
As  temperature  increases, O2  saturation  becomes  relatively  lower  and  in  turn 
will  increase  the minimum QG required  to support  the  target 5 mg O2  l‐1. Also, 
the QG  operating  zone  reduces,  lowering  the QG  safety  factor,  and  forces  the 









Further  studies  are  recommended  to  help  quantify  the  gas  exchange 
ns,  including various diameter air‐
lifts  fo







r  both  marine  and  freshwater  environments  and  their  gas  transfer 
response  to  varying  parameters;  such  as  temperature,  salinity,  alkalinity, 







alternative  and  is  particularly
and  costs  are  limited.  The  consolidation  of  physical  and  chemical  unit 
operations has shown water circulation and gas exchange capabilities under low‐
lift  conditions. Based  on  the  results,  aeration  kinetics prove  to  control  the  gas 
transfer  design  of  air‐lifts;  simply  put  if  the  oxygen  requirements  are  met, 
adequate CO2  levels will be  concurrently provided. The presented  steady  state 
analysis data consists of estimations only, and although air‐lifts show promising 































C.  E.,  (1990),  Water  Quality  in  Ponds  for  Aquaculture.  Alabama 






















Colt,  J.,  1984,  Computation  of  Dissolved  Gas  Concentrations  in  Water  as 






  in  Seawater. Deep  Sea  Research, 
34(10): 1733‐1743. 
Dickso
rements.  PICES  Special  Publication  3,  IOCCP  Report 
No. 8.  
Eshcha
n  Devices  in  Marine  Fish  Tanks.  The  Israeli  Journal  of 
Aquaculture, 55(2): 79‐85. 
Gudip f
rawfish  Shedding  Systems.  Thesis,  Louisiana 
State University, 84 pp. 
Hird, 

























ati,  S.,  (2005),  Distributed  Airlift  Systems  Design  or  Applications  in 
Recirculating  Soft  Shell  C
 
J.  P.,  J.  J.  Sansalone,  J.  John,  L.  E.  Beecher,  and R.  F. Malone,  (2000), A 
Design  Rationale  for  Si
Federation, WEFTEC 2000, Sessions 31‐40: 572‐581. 
































Flow  and  Biofilter  Sizing  in  Recirculating  Aquaculture  Production 
Systems. Aquacultural Engineering, 23: 95‐102. 
L
Degasification,  and  Water  Movement  in  a  Recirculating  Aquaculture 
System. Thesis, Louisiana State University, 116 pp. 
L
Water  Delivery,  Aeration,  and  Degasification  for  Application  to 




Validation  Based  on  Laboratory  Measurements  of  CO2  in  Gas  and 
Seawater at Equilibrium. Marine Chemistry, 70: 105‐19. 
M




Marine  Fish  Culture  Conference,  Fort  Pierce,  Florida. 
www.sustainableaquaculture.org 
M
Decentralized  Water  Treatment  in  Recirculating  Marine  Hatchery 















Mozes,  N.,  M.  Eshchar,  D.  Conijeski,  M.  Fediuk  and  A.  Ashkenazy,  (2003), 
Marine  Recirculating  Systems  in  Israel—Performance,  Production  Cost 






Paquette, M.,  R. Malone, M. Drawbridge,  L. Goldie,  and  R. Hearn,  (2009*,  in 
press), Design  of  an Airlift Driven Recirculation  System  to Hold  Large 
Pelagic Marine Brood Fish.  
 





Aquaculture.  Presented  at  the  Workshop  on  Design  of  High  Density 
Recirculating  Aquaculture  Systems,  September  25‐27,  1991,  Louisianan 
State University, Baton Rouge, LA.  
 
Reinemann,  D.  J.,  J.  Hansen,  M.  Raabe,  J.  Mallison,  and  V.  Byrd,  (2001), 

















Schetz,  J. A.  and A. E. Fuhs,  (1999), Fundamentals of Fluid Mechanics. Wiley‐
IEEE Publication, New York, NY, 935 pp. 
 








of  an  Airlift  Recirculation  and  Aeration  System  in  a  Flow‐Through 







of Measuring  Dissolved  Carbon  Dioxide  Based  on  Head  Space  Partial 
Pressures. Aquacultural Engineering, 30: 83‐101. 
 




Characteristics  of  Airlift  Pumps  for  Field  Applications.  World 
Aquaculture, 24.4: 51‐54.  
 










Air‐lift 20.3 cm QL,ave  903.78 l min
‐1







[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
1:34:56 PM 19.6 19.4 9.36 9.3 ‐0.06 0.00 ‐0.078
1:35:27 PM 19.6 19.4 9.36 9.3 ‐0.06 0.00 ‐0.078
1:35:57 PM 19.6 19.4 9.37 9.3 ‐0.07 ‐0.01 ‐0.091
1:36:27 PM 19.6 19.5 9.37 9.3 ‐0.07 ‐0.01 ‐0.091
1:36:57 PM 19.6 19.5 9.36 9.3 ‐0.06 0.00 ‐0.078
1:37:27 PM 19.6 19.5 9.35 9.3 ‐0.05 0.01 ‐0.065
1:37:57 PM 19.6 19.5 9.27 9.2 ‐0.07 0.09 ‐0.091
1:38:27 PM 19.6 19.5 9.12 9.2 0.08 0.24 0.104
1:38:57 PM 19.6 19.5 8.77 9.1 0.33 0.59 0.429
1:39:27 PM 19.6 19.5 8.37 9.0 0.63 0.99 0.820
1:39:57 PM 19.6 19.5 8.06 8.9 0.84 1.30 1.093
1:40:27 PM 19.6 19.5 7.76 8.8 1.04 1.60 1.354
1:40:57 PM 19.6 19.5 7.55 8.8 1.25 1.81 1.627
1:41:27 PM 19.6 19.5 7.38 8.7 1.32 1.98 1.718
1:41:57 PM 19.6 19.5 7.21 8.7 1.49 2.15 1.939
1:42:27 PM 19.6 19.5 7.10 8.7 1.60 2.26 2.082
1:42:57 PM 19.6 19.5 6.94 8.7 1.76 2.42 2.291
1:43:27 PM 19.6 19.5 6.84 8.7 1.86 2.52 2.421
1:43:57 PM 19.6 19.5 6.73 8.6 1.87 2.63 2.434
1:44:27 PM 19.6 19.5 6.63 8.6 1.97 2.73 2.564
1:44:57 PM 19.6 19.5 6.56 8.6 2.04 2.80 2.655
1:45:27 PM 19.6 19.5 6.53 8.6 2.07 2.83 2.694
1:45:57 PM 19.6 19.5 6.46 8.6 2.14 2.90 2.785
1:46:27 PM 19.6 19.5 6.44 8.6 2.16 2.92 2.811
1:46:57 PM 19.6 19.5 6.41 8.6 2.19 2.95 2.850
1:47:27 PM 19.6 19.5 6.35 8.5 2.15 3.01 2.798






[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
1:48:27 PM 19.6 19.5 6.56 8.7 2.14 2.80 2.785
1:48:57 PM 19.6 19.5 6.99 8.8 1.81 2.37 2.356
1:49:27 PM 19.6 19.5 7.41 8.9 1.49 1.95 1.939
1:49:57 PM 19.6 19.5 7.76 9.0 1.24 1.60 1.614
1:50:27 PM 19.6 19.5 8.02 9.1 1.08 1.34 1.406
1:50:57 PM 19.6 19.5 8.23 9.1 0.87 1.13 1.132
1:51:27 PM 19.6 19.5 8.40 9.1 0.70 0.96 0.911
1:51:57 PM 19.6 19.5 8.55 9.2 0.65 0.81 0.846
30.5 cm lift_Trial 2_10/1/2008
Air‐lift  20.3 cm QL,ave  904.23 l min
‐1







[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
2:27:08 PM 19.6 19.5 9.29 9.2 ‐0.09 0.00 ‐0.117
2:27:38 PM 19.6 19.5 9.21 9.2 ‐0.01 0.08 ‐0.013
2:28:08 PM 19.6 19.5 9.06 9.2 0.14 0.23 0.182
2:28:38 PM 19.6 19.5 8.71 9.2 0.49 0.58 0.638
2:29:08 PM 19.6 19.5 8.31 9.2 0.89 0.98 1.159
2:29:38 PM 19.6 19.5 8.0 9.2 1.20 1.29 1.563
2:30:08 PM 19.6 19.5 7.7 9.1 1.40 1.59 1.823
2:30:38 PM 19.6 19.5 7.49 9.1 1.61 1.80 2.096
2:31:08 PM 19.6 19.5 7.32 9.0 1.68 1.97 2.188
2:31:38 PM 19.6 19.5 7.13 8.9 1.77 2.16 2.305
2:32:08 PM 19.6 19.5 7.02 8.8 1.78 2.27 2.318
2:32:38 PM 19.6 19.5 6.86 8.7 1.84 2.43 2.396
2:33:08 PM 19.6 19.5 6.76 8.7 1.94 2.53 2.526
2:33:38 PM 19.6 19.5 6.65 8.6 1.95 2.64 2.539
2:34:08 PM 19.6 19.5 6.55 8.6 2.05 2.74 2.669






[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
2:35:08 PM 19.6 19.5 6.45 8.6 2.15 2.84 2.799
2:35:38 PM 19.6 19.5 6.38 8.6 2.22 2.91 2.891
2:36:08 PM 19.6 19.5 6.36 8.5 2.14 2.93 2.786
2:36:38 PM 19.6 19.5 6.33 8.5 2.17 2.96 2.826
2:37:08 PM 19.6 19.5 6.21 8.5 2.29 3.08 2.982
2:37:38 PM 19.6 19.6 6.17 8.5 2.33 3.12 3.034
2:38:08 PM 19.6 19.6 6.08 8.5 2.42 3.21 3.151
2:38:38 PM 19.6 19.6 6.02 8.4 2.38 3.27 3.099
2:39:08 PM 19.6 19.6 5.98 8.4 2.42 3.31 3.151
2:39:38 PM 19.6 19.6 5.99 8.4 2.41 3.30 3.138
2:40:08 PM 19.6 19.6 6.12 8.5 2.38 3.17 3.099
2:40:38 PM 19.6 19.6 6.34 8.6 2.26 2.95 2.943
2:41:08 PM 19.6 19.6 6.56 8.7 2.14 2.73 2.786
2:41:38 PM 19.6 19.6 6.99 8.8 1.81 2.30 2.357
2:42:08 PM 19.6 19.6 7.44 8.9 1.46 1.85 1.901
2:42:38 PM 19.6 19.6 7.79 9.0 1.21 1.50 1.576
2:43:08 PM 19.6 19.6 8.05 9.0 0.95 1.24 1.237
2:43:38 PM 19.6 19.6 8.26 9.0 0.74 1.03 0.964
2:44:08 PM 19.6 19.6 8.43 9.1 0.67 0.86 0.872
2:44:38 PM 19.6 19.6 8.58 9.1 0.52 0.71 0.677
2:45:08 PM 19.6 19.6 8.62 9.1 0.48 0.67 0.625
38.1 cm lift_Trial 1_10/1/2008
Air‐lift 20.3 cm QL,ave  748.11 l min
‐1







[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
3:17:52 PM 19.7 19.6 9.32 9.2 ‐0.12 0.00 ‐0.129
3:18:22 PM 19.7 19.6 9.28 9.2 ‐0.08 0.04 ‐0.086






[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
3:19:22 PM 19.7 19.6 9.24 9.2 ‐0.04 0.08 ‐0.043
3:19:52 PM 19.7 19.6 9.24 9.2 ‐0.04 0.08 ‐0.043
3:20:22 PM 19.7 19.6 9.23 9.2 ‐0.03 0.09 ‐0.032
3:20:52 PM 19.7 19.6 9.20 9.1 ‐0.10 0.12 ‐0.108
3:21:22 PM 19.7 19.6 9.10 9.1 0.00 0.22 0.000
3:21:52 PM 19.7 19.6 9.05 9.0 ‐0.05 0.27 ‐0.054
3:22:22 PM 19.7 19.6 8.87 8.9 0.03 0.45 0.032
3:22:52 PM 19.7 19.6 8.63 8.8 0.17 0.69 0.183
3:23:22 PM 19.7 19.6 8.41 8.7 0.29 0.91 0.312
3:23:52 PM 19.7 19.6 8.32 8.7 0.38 1.00 0.409
3:24:22 PM 19.7 19.6 8.26 8.6 0.34 1.06 0.366
3:24:52 PM 19.7 19.6 7.98 8.6 0.62 1.34 0.668
3:25:22 PM 19.7 19.6 7.93 8.6 0.67 1.39 0.722
3:25:52 PM 19.7 19.6 7.84 8.6 0.76 1.48 0.819
3:26:22 PM 19.7 19.6 7.64 8.6 0.96 1.68 1.034
3:26:52 PM 19.7 19.6 7.40 8.5 1.10 1.92 1.185
3:27:22 PM 19.6 19.6 7.19 8.5 1.31 2.13 1.411
3:27:52 PM 19.6 19.6 6.97 8.5 1.53 2.35 1.648
3:28:22 PM 19.6 19.6 6.79 8.5 1.71 2.53 1.842
3:28:52 PM 19.6 19.6 6.67 8.5 1.83 2.65 1.971
3:29:22 PM 19.6 19.6 6.57 8.4 1.83 2.75 1.971
3:29:52 PM 19.6 19.6 6.50 8.4 1.90 2.82 2.047
3:30:22 PM 19.6 19.6 6.41 8.4 1.99 2.91 2.144
3:30:52 PM 19.6 19.6 6.32 8.5 2.18 3.00 2.348
3:31:22 PM 19.6 19.6 6.27 8.6 2.33 3.05 2.510
3:31:52 PM 19.6 19.6 6.36 8.7 2.34 2.96 2.521
3:32:22 PM 19.6 19.6 6.61 8.8 2.19 2.71 2.359
3:32:52 PM 19.6 19.6 6.84 8.9 2.06 2.48 2.219
3:33:22 PM 19.6 19.6 7.04 9.0 1.96 2.28 2.111
3:33:52 PM 19.6 19.6 7.23 9.0 1.77 2.09 1.907
3:34:22 PM 19.6 19.6 7.38 9.0 1.62 1.94 1.745
3:34:52 PM 19.6 19.6 7.48 9.1 1.62 1.84 1.745
3:35:22 PM 19.6 19.6 7.59 9.1 1.51 1.73 1.627
3:35:52 PM 19.6 19.6 7.68 9.1 1.42 1.64 1.530
3:36:22 PM 19.6 19.6 7.74 9.1 1.36 1.58 1.465
68
s G L
4:33:29 PM 19.7 19.7 7.01 8.8 1.79 2.17 1.928
69
38.1 cm lift_Trial 2_10/1/2008










[mg l‐1] C  ‐ C C OTR 





4:18:29 PM 19.7 19.6 9.18 9.1 ‐0.08 0.00 ‐0.086
4:18:59 PM 19.7 19.6 9.18 9.1 ‐0.08 0.00 ‐0.086
4:19:29 PM 19.7 19.6 9.16 9.1 ‐0.06 0.02 ‐0.065
4:19:59 PM 19.7 19.6 9.15 9.1 ‐0.05 0.03 ‐0.054
4:20:29 PM 19.7 19.6 9.12 9.1 ‐0.02 0.06 ‐0.022
4:20:59 PM 19.7 19.6 9.02 9.1 0.08 0.16 0.086
4:21:29 PM 19.7 19.6 8.97 9.1 0.13 0.21 0.140
4:21:59 PM 19.7 19.6 8.79 9.1 0.31 0.39 0.334
4:22:29 PM 19.7 19.6 8.55 9.0 0.45 0.63 0.485
4:22:59 PM 19.7 19.6 8.33 8.9 0.57 0.85 0.614
4:23:29 PM 19.7 19.6 8.24 8.8 0.56 0.94 0.603
4:23:59 PM 19.7 19.6 8.18 8.7 0.52 1.00 0.560
4:24:29 PM 19.7 19.6 7.90 8.7 0.80 1.28 0.862
4:24:59 PM 19.7 19.6 7.85 8.5 0.65 1.33 0.700
4:25:29 PM 19.7 19.6 7.76 8.5 0.74 1.42 0.797
4:25:59 PM 19.7 19.6 7.56 8.5 0.94 1.62 1.013
4:26:29 PM 19.7 19.6 7.32 8.5 1.18 1.86 1.271
4:26:59 PM 19.7 19.6 7.07 8.5 1.43 2.11 1.540
4:27:29 PM 19.7 19.6 6.85 8.4 1.55 2.33 1.670
4:27:59 PM 19.7 19.6 6.67 8.4 1.73 2.51 1.864
4:28:29 PM 19.7 19.7 6.55 8.4 1.85 2.63 1.993
4:28:59 PM 19.7 19.7 6.45 8.4 1.95 2.73 2.101
4:29:29 PM 19.7 19.7 6.38 8.4 2.02 2.80 2.176
4:29:59 PM 19.7 19.7 6.29 8.3 2.01 2.89 2.165
4:30:29 PM 19.7 19.7 6.20 8.3 2.10 2.98 2.262
4:30:59 PM 19.7 19.7 6.15 8.3 2.15 3.03 2.316
4:31:29 PM 19.7 19.7 6.24 8.4 2.16 2.94 2.327
4:31:59 PM 19.7 19.7 6.49 8.5 2.01 2.69 2.165
4:32:29 PM 19.7 19.7 6.72 8.6 1.88 2.46 2.025
4:32:59 PM 19.7 19.7 6.86 8.7 1.84 2.32 1.982
4:35:59 PM 19.7 19.7 7.61 9.2 1.59 1.57 1.713
s 9.39 G L 1.32












[kg O  day‐1]Time Inlet  Outlet Inlet  Outlet 2
4:33:59 PM 19.7 19.7 7.19 9.0 1.81 1.99 1.950
4:34:29 PM 19.7 19.7 7.35 9.0 1.65 1.83 1.777
4:34:59 PM 19.7 19.7 7.42 9.0 1.58 1.76 1.702
4:35:29 PM 19.7 19.7 7.50 9.2 1.70 1.68 1.831
45.7 cm lift_Trial 1_10/2/2008


















[kg O  day‐1]Time Inlet  Outlet Inlet  Outlet 2
7:55:48 AM 19.5 19.4 9.39 9.3 ‐0.09 0.00 ‐0.083
7:56:19 AM 19.5 19.4 9.38 9.3 ‐0.08 0.01 ‐0.074
7:56:49 AM 19.5 19.4 9.38 9.3 ‐0.08 0.01 ‐0.074
7:57:19 AM 19.5 19.4 9.37 9.3 ‐0.07 0.02 ‐0.065
7:57:49 AM 19.5 19.4 9.36 9.3 ‐0.06 0.03 ‐0.056
7:58:19 AM 19.5 19.4 9.36 9.3 ‐0.06 0.03 ‐0.056
7:58:49 AM 19.5 19.4 9.33 9.3 ‐0.03 0.06 ‐0.028
7:59:19 AM 19.5 19.4 9.19 9.2 0.01 0.20 0.009
7:59:49 AM 19.5 19.4 8.84 9.1 0.26 0.55 0.241
8:00:19 AM 19.5 19.4 8.37 9.0 0.63 1.02 0.584
8:00:49 AM 19.5 19.4 7.88 8.9 1.02 1.51 0.946
8:01:19 AM 19.5 19.4 7.55 8.8 1.25 1.84 1.159
8:01:49 AM 19.4 19.4 7.28 8.8 1.52 2.11 1.410
8:02:19 AM 19.5 19.4 7.07 8.8 1.73 2.32 1.605
8:02:49 AM 19.5 19.4 6.84 8.7 1.86 2.55 1.725
8:03:19 AM 19.5 19.4 6.56 8.7 2.14 2.83 1.985
8:03:49 AM 19.5 19.4 6.39 8.6 2.21 3.00 2.050
8:04:19 AM 19.5 19.4 6.24 8.6 2.36 3.15 2.189
8:11:49 AM 19.5 19.4 8.44 9.2 0.76 0.95 0.705
Csʹ  9.04 mg l QG:QL 1.48












Time Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg O2 day ]
8:05:19 AM 19.5 19.4 5.99 8.6 2.61 3.40 2.421
8:05:49 AM 19.5 19.4 5.94 8.6 2.66 3.45 2.467
8:06:19 AM 19.5 19.4 5.97 8.7 2.73 3.42 2.532
8:06:49 AM 19.5 19.4 6.21 8.8 2.59 3.18 2.402
8:07:19 AM 19.5 19.4 6.49 8.8 2.31 2.90 2.143
8:07:49 AM 19.5 19.4 6.83 8.9 2.07 2.56 1.920
8:08:19 AM 19.5 19.4 7.15 9.0 1.85 2.24 1.716
8:08:49 AM 19.5 19.4 7.44 9.0 1.56 1.95 1.447
8:09:19 AM 19.5 19.4 7.65 9.0 1.35 1.74 1.252
8:09:49 AM 19.5 19.4 7.90 9.1 1.20 1.49 1.113
8:10:19 AM 19.5 19.4 8.07 9.1 1.03 1.32 0.955
8:10:49 AM 19.5 19.4 8.21 9.1 0.89 1.18 0.825
8:11:19 AM 19.5 19.4 8.35 9.1 0.75 1.04 0.696
45.7 cm lift_Trial 2_10/2/2008











Time Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg O2 day ]
8:29:10 AM 19.5 19.4 9.04 9.2 0.16 0.00 0.132
8:29:42 AM 19.5 19.4 9.04 9.2 0.16 0.00 0.132
8:30:16 AM 19.5 19.4 9.05 9.2 0.15 ‐0.01 0.124
8:30:45 AM 19.5 19.4 9.05 9.2 0.15 ‐0.01 0.124
8:31:15 AM 19.5 19.4 9.04 9.2 0.16 0.00 0.132
8:31:45 AM 19.5 19.4 9.03 9.2 0.17 0.01 0.141
8:32:15 AM 19.5 19.4 8.97 9.2 0.23 0.07 0.190
8:32:45 AM 19.5 19.4 8.71 9.1 0.39 0.33 0.323
8:33:16 AM 19.5 19.4 8.35 9.0 0.65 0.69 0.538
8:46:02 AM 19.5 19.4 8.38 9.1 0.72 0.66 0.595
 850 l min  air 












Time Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg O2 day ]
8:34:15 AM 19.5 19.4 7.50 8.8 1.30 1.54 1.075
8:34:55 AM 19.5 19.4 7.04 8.8 1.76 2.00 1.455
8:35:25 AM 19.5 19.4 6.78 8.7 1.92 2.26 1.588
8:35:55 AM 19.5 19.4 6.51 8.7 2.19 2.53 1.811
8:36:24 AM 19.5 19.4 6.29 8.6 2.31 2.75 1.910
8:36:54 AM 19.5 19.4 6.12 8.6 2.48 2.92 2.051
8:37:24 AM 19.5 19.4 5.92 8.6 2.68 3.12 2.216
8:37:54 AM 19.5 19.4 5.77 8.6 2.83 3.27 2.340
8:38:24 AM 19.5 19.4 5.65 8.6 2.95 3.39 2.439
8:38:54 AM 19.5 19.4 5.55 8.5 2.95 3.49 2.439
8:39:24 AM 19.5 19.4 5.54 8.6 3.06 3.50 2.530
8:39:54 AM 19.5 19.4 5.74 8.6 2.86 3.30 2.365
8:40:24 AM 19.5 19.4 6.07 8.7 2.63 2.97 2.175
8:40:54 AM 19.5 19.4 6.45 8.8 2.35 2.59 1.943
8:41:24 AM 19.5 19.4 6.77 8.9 2.13 2.27 1.761
8:41:54 AM 19.5 19.4 7.11 8.9 1.79 1.93 1.480
8:42:24 AM 19.5 19.4 7.38 9.0 1.62 1.66 1.340
8:42:54 AM 19.5 19.4 7.61 9.0 1.39 1.43 1.149
8:43:24 AM 19.5 19.4 7.82 9.0 1.18 1.22 0.976
8:43:54 AM 19.5 19.4 7.95 9.1 1.15 1.09 0.951
8:44:29 AM 19.5 19.4 8.07 9.1 1.03 0.97 0.852
8:45:01 AM 19.5 19.4 8.18 9.1 0.92 0.86 0.761




Lift [cm] Trial   Cfor deficit equations
30.5 1 OTR = 0.9491*Cdeficit 0.987
30.5 2 OTR = 0.9826*Cdeficit 0.981
38.1 1 OTR = 0.7752*Cdeficit 0.857
38.1 2 OTR = 0.7900*Cdeficit 0.908




Air‐lift 20.3 cm QL,ave  984.97 l min
‐1







[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
3:42:37 PM 19.8 19.7 7.5 8.8 1.34 1.34 1.901
3:43:07 PM 19.8 19.7 7.5 8.8 1.33 1.34 1.886
3:43:37 PM 19.8 19.7 7.3 8.8 1.49 1.54 2.113
3:44:07 PM 19.8 19.7 7.3 8.8 1.49 1.54 2.113
3:44:37 PM 19.8 19.7 7.29 8.6 1.31 1.55 1.858
3:45:07 PM 19.8 19.7 7.07 8.6 1.53 1.77 2.170
3:45:37 PM 19.8 19.7 6.89 8.5 1.61 1.95 2.284
3:46:07 PM 19.8 19.7 6.77 8.5 1.73 2.07 2.454
3:46:37 PM 19.8 19.7 6.67 8.5 1.83 2.17 2.596
3:47:07 PM 19.8 19.7 6.60 8.4 1.80 2.24 2.553
3:47:37 PM 19.8 19.7 6.51 8.4 1.89 2.33 2.681
3:48:07 PM 19.8 19.7 6.42 8.4 1.98 2.42 2.808
3:48:37 PM 19.8 19.7 6.37 8.4 2.03 2.47 2.879
3:49:07 PM 19.8 19.7 6.46 8.5 2.04 2.38 2.893
3:49:37 PM 19.8 19.7 6.71 8.6 1.89 2.13 2.681
3:50:07 PM 19.8 19.7 6.94 8.7 1.76 1.90 2.496
3:50:37 PM 19.8 19.7 7.14 8.8 1.66 1.70 2.354
3:51:07 PM 19.8 19.7 7.33 8.8 1.47 1.51 2.085
3:51:37 PM 19.8 19.7 7.30 8.8 1.50 1.54 2.128
3:52:07 PM 19.8 19.7 7.30 8.8 1.50 1.54 2.128
3:52:37 PM 19.8 19.7 7.20 8.8 1.58 1.64 2.241
3:53:07 PM 19.8 19.7 7.30 8.8 1.49 1.54 2.113
3:53:37 PM 19.8 19.7 7.30 8.8 1.50 1.54 2.128
3:54:07 PM 19.8 19.7 7.40 8.8 1.44 1.44 2.042
3:54:37 PM 19.8 19.7 7.60 9.0 1.36 1.24 1.929
3:55:07 PM 19.8 19.7 8.00 9.0 1.04 0.84 1.475






[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
3:56:07 PM 19.8 19.7 8.60 9.2 0.55 0.24 0.780
3:56:37 PM 19.8 19.7 8.70 9.2 0.48 0.14 0.681
3:57:07 PM 19.8 19.7 8.90 9.2 0.31 ‐0.06 0.440
3:57:37 PM 19.8 19.7 9.00 9.2 0.22 ‐0.16 0.312
3:58:07 PM 19.8 19.7 9.00 9.2 0.23 ‐0.16 0.326
38.1 cm lift_Trial 2_9/30/2008
Air‐lift 20.3 cm QL,ave  967.75 l min
‐1







[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
2:29:40 PM 19.6 19.5 8.11 9.0 0.89 0.89 1.240
2:30:11 PM 19.6 19.5 8.11 9.0 0.89 0.89 1.240
2:30:41 PM 19.6 19.5 8.11 9.0 0.89 0.89 1.240
2:31:11 PM 19.6 19.5 8.11 9.0 0.89 0.89 1.240
2:31:41 PM 19.6 19.5 8.11 9.0 0.89 0.89 1.240
2:32:11 PM 19.6 19.5 8.11 9.0 0.89 0.89 1.240
2:32:41 PM 19.6 19.5 8.1 9.0 0.90 0.90 1.254
2:33:11 PM 19.6 19.5 8.05 8.9 0.85 0.95 1.185
2:33:41 PM 19.6 19.5 7.96 8.9 0.94 1.04 1.310
2:34:11 PM 19.6 19.5 7.76 8.8 1.04 1.24 1.449
2:34:41 PM 19.6 19.5 7.52 8.7 1.18 1.48 1.644
2:35:11 PM 19.6 19.5 7.31 8.6 1.29 1.69 1.798
2:35:41 PM 19.6 19.5 7.09 8.6 1.51 1.91 2.104
2:36:11 PM 19.6 19.6 6.91 8.5 1.59 2.09 2.216
2:36:41 PM 19.6 19.6 6.79 8.5 1.71 2.21 2.383
2:37:11 PM 19.6 19.6 6.69 8.5 1.81 2.31 2.522
2:37:41 PM 19.6 19.6 6.62 8.4 1.78 2.38 2.481
2:38:11 PM 19.6 19.6 6.53 8.4 1.87 2.47 2.606






[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
2:39:11 PM 19.6 19.6 6.39 8.4 2.01 2.61 2.801
2:39:41 PM 19.6 19.6 6.48 8.5 2.02 2.52 2.815
2:40:11 PM 19.6 19.6 6.73 8.6 1.87 2.27 2.606
2:40:41 PM 19.6 19.6 6.96 8.7 1.74 2.04 2.425
2:41:11 PM 19.6 19.6 7.16 8.8 1.64 1.84 2.285
2:41:41 PM 19.6 19.6 7.35 8.8 1.45 1.65 2.021
2:42:11 PM 19.6 19.6 7.50 8.8 1.30 1.50 1.812
2:42:41 PM 19.6 19.6 7.60 8.9 1.30 1.40 1.812
2:43:11 PM 19.6 19.6 7.71 8.9 1.19 1.29 1.658
2:43:41 PM 19.6 19.6 7.80 8.9 1.10 1.20 1.533
2:44:11 PM 19.6 19.6 7.86 8.9 1.04 1.14 1.449
2:44:41 PM 19.6 19.6 7.90 8.9 1.00 1.10 1.394
45.7 cm lift_Trial 1_9/30/2008
Air‐lift 20.3 cm QL,ave  772.33 l min
‐1







[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
10:11:02 AM 19.5 19.5 9.7 9.40 ‐0.30 ‐0.30 ‐0.334
10:11:32 AM 19.5 19.5 9.7 9.41 ‐0.29 ‐0.30 ‐0.323
10:12:02 AM 19.5 19.5 9.7 9.40 ‐0.30 ‐0.30 ‐0.334
10:12:32 AM 19.5 19.5 9.7 9.40 ‐0.30 ‐0.30 ‐0.334
10:13:02 AM 19.5 19.5 9.7 9.40 ‐0.30 ‐0.30 ‐0.334
10:13:32 AM 19.5 19.5 9.7 9.39 ‐0.31 ‐0.30 ‐0.345
10:14:03 AM 19.5 19.5 9.7 9.39 ‐0.31 ‐0.30 ‐0.345
10:14:32 AM 19.5 19.5 9.6 9.38 ‐0.22 ‐0.20 ‐0.245
10:15:02 AM 19.5 19.5 9.6 9.37 ‐0.23 ‐0.20 ‐0.256
10:15:33 AM 19.5 19.5 9.4 9.33 ‐0.07 0.00 ‐0.078
10:16:02 AM 19.5 19.5 9.2 9.27 0.07 0.20 0.078






[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
10:17:02 AM 19.5 19.5 8.7 9.16 0.46 0.70 0.512
10:17:32 AM 19.5 19.5 8.5 9.10 0.60 0.90 0.667
10:18:02 AM 19.5 19.5 8.2 9.06 0.86 1.20 0.956
10:18:32 AM 19.5 19.5 8.0 9.04 1.04 1.40 1.157
10:19:02 AM 19.5 19.5 7.9 9.00 1.10 1.50 1.223
10:19:32 AM 19.5 19.5 7.7 8.99 1.29 1.70 1.435
10:20:02 AM 19.5 19.5 7.6 8.97 1.37 1.80 1.524
10:20:32 AM 19.5 19.5 7.5 8.96 1.46 1.90 1.624
10:21:03 AM 19.5 19.5 7.4 8.95 1.55 2.00 1.724
10:21:32 AM 19.5 19.5 7.3 8.92 1.62 2.10 1.802
10:22:02 AM 19.5 19.5 7.2 8.92 1.72 2.20 1.913
10:22:32 AM 19.5 19.5 7.4 9.00 1.60 2.00 1.779
10:23:02 AM 19.5 19.5 7.7 9.06 1.36 1.70 1.513
10:23:33 AM 19.5 19.5 7.9 9.12 1.22 1.50 1.357
10:24:02 AM 19.5 19.5 8.2 9.18 0.98 1.20 1.090
10:24:32 AM 19.5 19.5 8.4 9.21 0.81 1.00 0.901
10:25:02 AM 19.5 19.5 8.5 9.24 0.74 0.90 0.823
10:25:32 AM 19.5 19.5 8.7 9.26 0.56 0.70 0.623
10:26:02 AM 19.5 19.5 8.8 9.28 0.48 0.60 0.534
10:26:32 AM 19.5 19.5 8.9 9.30 0.40 0.50 0.445
10:27:02 AM 19.5 19.5 9.0 9.30 0.30 0.40 0.334
10:27:33 AM 19.5 19.5 9.0 9.32 0.32 0.40 0.356
10:28:02 AM 19.5 19.5 9.1 9.32 0.22 0.30 0.245
10:28:32 AM 19.5 19.5 9.1 9.33 0.23 0.30 0.256
10:29:02 AM 19.5 19.5 9.2 9.34 0.14 0.20 0.156
76
s G L
3:37:57 PM 19.6 19.6 7.27 8.9 1.63 1.83 1.753
77
45.7 cm lift_Trial 2_9/30/2008










[mg l‐1] C  ‐ C C OTR 





3:22:56 PM 19.6 19.6 8.34 9.1 0.76 0.76 0.817
3:23:27 PM 19.6 19.6 8.35 9.1 0.75 0.75 0.807
3:23:57 PM 19.6 19.6 8.35 9.1 0.75 0.75 0.807
3:24:27 PM 19.6 19.6 8.35 9.1 0.75 0.75 0.807
3:24:57 PM 19.6 19.6 8.36 9.1 0.74 0.74 0.796
3:25:27 PM 19.6 19.6 8.37 9.1 0.73 0.73 0.785
3:25:57 PM 19.6 19.6 8.38 9.1 0.72 0.72 0.774
3:26:27 PM 19.6 19.6 8.37 9.1 0.73 0.73 0.785
3:26:57 PM 19.6 19.6 8.32 9.0 0.68 0.78 0.731
3:27:27 PM 19.6 19.6 8.16 8.9 0.74 0.94 0.796
3:27:57 PM 19.6 19.6 7.96 8.9 0.94 1.14 1.011
3:28:27 PM 19.6 19.6 7.80 8.8 1.00 1.30 1.076
3:28:57 PM 19.6 19.6 7.65 8.8 1.15 1.45 1.237
3:29:27 PM 19.6 19.6 7.51 8.7 1.19 1.59 1.280
3:29:57 PM 19.6 19.6 7.36 8.7 1.34 1.74 1.441
3:30:27 PM 19.6 19.6 7.19 8.7 1.51 1.91 1.624
3:30:57 PM 19.6 19.6 7.03 8.6 1.57 2.07 1.689
3:31:27 PM 19.6 19.6 6.91 8.6 1.69 2.19 1.818
3:31:57 PM 19.6 19.6 6.85 8.6 1.75 2.25 1.882
3:32:27 PM 19.6 19.6 6.76 8.6 1.84 2.34 1.979
3:32:57 PM 19.6 19.6 6.69 8.6 1.91 2.41 2.054
3:33:27 PM 19.6 19.6 6.64 8.6 1.96 2.46 2.108
3:33:57 PM 19.6 19.6 6.59 8.6 2.01 2.51 2.162
3:34:27 PM 19.6 19.6 6.50 8.5 2.00 2.60 2.151
3:34:57 PM 19.6 19.6 6.43 8.5 2.07 2.67 2.226
3:35:27 PM 19.6 19.6 6.45 8.6 2.15 2.65 2.312
3:35:57 PM 19.6 19.6 6.57 8.7 2.13 2.53 2.291
3:36:27 PM 19.6 19.6 6.75 8.8 2.05 2.35 2.205
3:36:57 PM 19.6 19.6 6.96 8.8 1.84 2.14 1.979
3:37:27 PM 19.6 19.6 7.12 8.9 1.78 1.98 1.915
3:43:57 PM 19.6 19.6 7.97 9.1 1.13 1.13 1.215
 1,132 l min  air












[kg O  day‐1]Time Inlet  Outlet Inlet  Outlet 2
3:38:27 PM 19.6 19.6 7.37 8.9 1.53 1.73 1.646
3:38:57 PM 19.6 19.6 7.47 9.0 1.53 1.63 1.646
3:39:27 PM 19.6 19.6 7.55 9.0 1.45 1.55 1.560
3:39:57 PM 19.6 19.6 7.62 9.0 1.38 1.48 1.484
3:40:27 PM 19.6 19.6 7.67 9.0 1.33 1.43 1.431
3:40:57 PM 19.6 19.6 7.71 9.0 1.29 1.39 1.387
3:41:27 PM 19.6 19.6 7.77 9.0 1.23 1.33 1.323
3:41:57 PM 19.6 19.6 7.81 9.0 1.19 1.29 1.280
3:42:27 PM 19.6 19.6 7.86 9.0 1.14 1.24 1.226
3:42:57 PM 19.6 19.6 7.91 9.0 1.09 1.19 1.172






for equationsLift [cm] Trial  deficit
38.1 1 OTR = 1.2726*Cdeficit 0.791
38.1 2 OTR = 1.1310*Cdeficit 0.919




Headloss   38.1 cm QL,ave  1136.11 l min
‐1







[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
5:03:16 PM 19.7 19.6 8.74 9.1 0.36 0.36 0.589
5:03:47 PM 19.7 19.6 8.73 9.1 0.37 0.37 0.605
5:04:17 PM 19.7 19.6 8.73 9.1 0.37 0.37 0.605
5:04:47 PM 19.7 19.6 8.72 9.1 0.38 0.38 0.622
5:05:17 PM 19.7 19.6 8.72 9.2 0.48 0.38 0.785
5:05:47 PM 19.7 19.6 8.72 9.1 0.38 0.38 0.622
5:06:17 PM 19.7 19.6 8.65 9.1 0.45 0.45 0.736
5:06:47 PM 19.7 19.6 8.53 9.1 0.57 0.57 0.933
5:07:17 PM 19.7 19.6 8.31 9.0 0.69 0.79 1.129
5:07:47 PM 19.7 19.6 8.06 8.9 0.84 1.04 1.374
5:08:17 PM 19.7 19.6 7.84 8.8 0.96 1.26 1.571
5:08:47 PM 19.7 19.6 7.64 8.8 1.16 1.46 1.898
5:09:17 PM 19.7 19.6 7.46 8.7 1.24 1.64 2.029
5:09:47 PM 19.7 19.6 7.26 8.7 1.44 1.84 2.356
5:10:17 PM 19.7 19.6 7.11 8.7 1.59 1.99 2.601
5:10:47 PM 19.7 19.6 7.02 8.7 1.68 2.08 2.748
5:11:17 PM 19.7 19.6 6.94 8.6 1.66 2.16 2.716
5:11:47 PM 19.7 19.6 6.85 8.6 1.75 2.25 2.863
5:12:17 PM 19.7 19.6 6.76 8.6 1.84 2.34 3.010
5:12:47 PM 19.7 19.6 6.72 8.6 1.88 2.38 3.076
5:13:17 PM 19.7 19.6 6.68 8.6 1.92 2.42 3.141
5:13:47 PM 19.7 19.6 6.66 8.6 1.94 2.44 3.174
5:14:17 PM 19.7 19.6 6.61 8.6 1.99 2.49 3.256
5:14:47 PM 19.7 19.6 6.58 8.6 2.02 2.52 3.305
5:15:17 PM 19.7 19.6 6.66 8.7 2.04 2.44 3.337
5:15:47 PM 19.7 19.6 6.91 8.8 1.89 2.19 3.092






[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
5:16:47 PM 19.7 19.6 7.48 8.9 1.42 1.62 2.323
5:17:17 PM 19.7 19.6 7.71 9.0 1.29 1.39 2.110
5:17:47 PM 19.7 19.6 7.88 9.0 1.12 1.22 1.832
5:18:17 PM 19.7 19.6 8.00 9.0 1.00 1.10 1.636
38.1 cm lift_Trial 2_9/30/2008
Air‐lift 20.3 cm QL,ave  1109.5 l min
‐1







[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
5:41:41 PM 19.7 19.6 8.57 9.1 0.53 0.53 0.847
5:42:12 PM 19.7 19.6 8.56 9.1 0.54 0.54 0.863
5:42:42 PM 19.7 19.6 8.56 9.1 0.54 0.54 0.863
5:43:12 PM 19.7 19.6 8.56 9.1 0.54 0.54 0.863
5:43:42 PM 19.7 19.6 8.56 9.1 0.54 0.54 0.863
5:44:12 PM 19.7 19.6 8.54 9.1 0.56 0.56 0.895
5:44:42 PM 19.7 19.6 8.5 9.1 0.60 0.60 0.959
5:45:12 PM 19.7 19.6 8.38 9.0 0.62 0.72 0.991
5:45:42 PM 19.7 19.6 8.21 8.9 0.69 0.89 1.102
5:46:12 PM 19.7 19.6 7.96 8.9 0.94 1.14 1.502
5:46:42 PM 19.7 19.6 7.75 8.8 1.05 1.35 1.678
5:47:12 PM 19.7 19.6 7.57 8.8 1.23 1.53 1.965
5:47:42 PM 19.7 19.6 7.41 8.8 1.39 1.69 2.221
5:48:12 PM 19.7 19.6 7.25 8.7 1.45 1.85 2.317
5:48:42 PM 19.7 19.6 7.11 8.7 1.59 1.99 2.540
5:49:12 PM 19.7 19.6 7.00 8.7 1.70 2.10 2.716
5:49:42 PM 19.7 19.6 6.92 8.7 1.78 2.18 2.844
5:50:12 PM 19.7 19.6 6.87 8.7 1.83 2.23 2.924
5:50:42 PM 19.7 19.6 6.82 8.7 1.88 2.28 3.004






[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
5:51:57 PM 19.7 19.6 6.71 8.7 1.99 2.39 3.179
5:52:38 PM 19.7 19.6 6.64 8.6 1.96 2.46 3.131
5:53:38 PM 19.7 19.6 6.61 8.6 1.99 2.49 3.179
5:54:38 PM 19.7 19.6 7.23 8.8 1.57 1.87 2.508
5:56:13 PM 19.7 19.6 7.70 9.0 1.30 1.40 2.077
5:57:14 PM 19.7 19.6 8.03 9.0 0.97 1.07 1.550
5:58:19 PM 19.7 19.6 8.16 9.0 0.84 0.94 1.342
5:59:22 PM 19.7 19.6 8.27 9.1 0.83 0.83 1.326
45.7 cm lift_Trial 1_10/1/2008
Air‐lift 20.3 cm QL,ave  922.99 l min
‐1







[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
9:48:25 AM 19.4 19.3 9.32 9.3 ‐0.02 0.00 ‐0.027
9:48:56 AM 19.4 19.3 9.32 9.3 ‐0.02 0.00 ‐0.027
9:49:26 AM 19.4 19.3 9.33 9.3 ‐0.03 ‐0.01 ‐0.040
9:49:56 AM 19.4 19.3 9.32 9.3 ‐0.02 0.00 ‐0.027
9:50:26 AM 19.4 19.3 9.31 9.3 ‐0.01 0.01 ‐0.013
9:50:56 AM 19.4 19.3 9.25 9.3 0.05 0.07 0.066
9:51:26 AM 19.4 19.3 9.15 9.3 0.15 0.17 0.199
9:51:56 AM 19.4 19.3 9.00 9.2 0.20 0.32 0.266
9:52:26 AM 19.4 19.3 8.8 9.1 0.30 0.52 0.399
9:52:56 AM 19.4 19.3 8.54 9.1 0.56 0.78 0.744
9:53:26 AM 19.4 19.3 8.33 9.1 0.77 0.99 1.023
9:53:56 AM 19.4 19.3 8.14 9.0 0.86 1.18 1.143
9:54:26 AM 19.4 19.3 7.92 9.0 1.08 1.40 1.435
9:54:56 AM 19.4 19.3 7.76 9.0 1.24 1.56 1.648
9:55:26 AM 19.4 19.3 7.61 8.9 1.29 1.71 1.715






[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
9:56:26 AM 19.4 19.3 7.38 8.9 1.52 1.94 2.020
9:56:56 AM 19.4 19.3 7.32 8.9 1.58 2.00 2.100
9:57:26 AM 19.5 19.3 7.25 8.9 1.65 2.07 2.193
9:57:56 AM 19.5 19.3 7.20 8.9 1.70 2.12 2.259
9:58:26 AM 19.5 19.3 7.13 8.9 1.77 2.19 2.353
9:58:56 AM 19.5 19.3 7.05 8.9 1.85 2.27 2.459
9:59:26 AM 19.5 19.3 6.98 8.9 1.92 2.34 2.552
9:59:56 AM 19.5 19.3 6.92 8.9 1.98 2.40 2.632
10:00:26 AM 19.4 19.3 6.89 8.9 2.01 2.43 2.672
10:00:56 AM 19.4 19.3 6.85 8.9 2.05 2.47 2.725
10:01:26 AM 19.4 19.3 6.81 8.9 2.09 2.51 2.778
10:01:56 AM 19.5 19.3 6.78 8.9 2.12 2.54 2.818
10:02:26 AM 19.5 19.3 6.74 8.9 2.16 2.58 2.871
10:02:56 AM 19.5 19.3 6.74 8.8 2.06 2.58 2.738
10:03:26 AM 19.4 19.3 6.70 8.9 2.20 2.62 2.924
10:03:56 AM 19.4 19.3 6.69 8.8 2.11 2.63 2.804
10:04:26 AM 19.5 19.3 6.68 8.8 2.12 2.64 2.818
10:05:01 AM 19.5 19.3 6.66 8.8 2.14 2.66 2.844
10:05:30 AM 19.5 19.3 6.64 8.8 2.16 2.68 2.871
10:06:00 AM 19.5 19.3 6.75 8.9 2.15 2.57 2.858
10:06:30 AM 19.5 19.3 6.99 9.0 2.01 2.33 2.672
10:07:00 AM 19.5 19.3 7.24 9 1.76 2.08 2.339
10:07:30 AM 19.5 19.3 7.47 9.1 1.63 1.85 2.166
10:08:00 AM 19.5 19.3 7.70 9.1 1.40 1.62 1.861
10:08:30 AM 19.5 19.3 7.89 9.1 1.21 1.43 1.608
10:09:00 AM 19.5 19.3 8.05 9.2 1.15 1.27 1.528
10:09:30 AM 19.5 19.3 8.23 9.2 0.97 1.09 1.289
10:10:00 AM 19.5 19.3 8.36 9.2 0.84 0.96 1.116
10:10:30 AM 19.5 19.3 8.45 9.2 0.75 0.87 0.997
10:11:00 AM 19.5 19.3 8.52 9.2 0.68 0.80 0.904
82
s G L
11:04:29 AM 19.6 19.5 6.00 9.0 3.00 3.20 4.012
83
45.7 cm lift_Trial 2_10/1/2008










[mg l‐1] C  ‐ C C OTR 





10:49:28 AM 19.5 19.4 9.03 9.2 0.17 0.17 0.227
10:49:59 AM 19.5 19.4 9.03 9.2 0.17 0.17 0.227
10:50:29 AM 19.5 19.4 9.02 9.2 0.18 0.18 0.241
10:50:59 AM 19.5 19.4 9.02 9.2 0.18 0.18 0.241
10:51:29 AM 19.5 19.4 9.01 9.2 0.19 0.19 0.254
10:51:59 AM 19.5 19.4 9.00 9.2 0.20 0.20 0.267
10:52:29 AM 19.5 19.4 8.90 9.2 0.30 0.30 0.401
10:52:59 AM 19.5 19.4 8.72 9.1 0.38 0.48 0.508
10:53:29 AM 19.5 19.4 8.48 9.0 0.52 0.72 0.695
10:53:59 AM 19.5 19.4 8.24 9.0 0.76 0.96 1.016
10:54:29 AM 19.5 19.4 8.01 8.9 0.89 1.19 1.190
10:54:59 AM 19.5 19.4 7.78 9.0 1.22 1.42 1.632
10:55:29 AM 19.5 19.4 7.59 9.0 1.41 1.61 1.886
10:55:59 AM 19.5 19.4 7.40 9.0 1.60 1.80 2.140
10:56:29 AM 19.5 19.4 7.23 8.9 1.67 1.97 2.233
10:56:59 AM 19.5 19.4 7.14 8.9 1.76 2.06 2.354
10:57:29 AM 19.5 19.4 7.05 8.9 1.85 2.15 2.474
10:57:59 AM 19.5 19.4 6.99 8.9 1.91 2.21 2.554
10:58:29 AM 19.5 19.4 6.90 8.9 2.00 2.30 2.675
10:58:59 AM 19.5 19.4 6.82 8.9 2.08 2.38 2.782
10:59:29 AM 19.5 19.4 6.66 8.8 2.14 2.54 2.862
10:59:59 AM 19.5 19.4 6.45 8.8 2.35 2.75 3.143
11:00:29 AM 19.5 19.4 6.30 8.8 2.50 2.90 3.344
11:00:59 AM 19.5 19.4 6.15 8.7 2.55 3.05 3.410
11:01:29 AM 19.5 19.4 5.98 8.7 2.72 3.22 3.638
11:01:59 AM 19.5 19.4 5.84 8.7 2.86 3.36 3.825
11:02:29 AM 19.6 19.4 5.73 8.7 2.97 3.47 3.972
11:02:59 AM 19.6 19.4 5.59 8.7 3.11 3.61 4.159
11:03:29 AM 19.6 19.4 5.48 8.8 3.32 3.72 4.440
11:03:59 AM 19.6 19.4 5.67 8.9 3.23 3.53 4.320
11:09:59 AM 19.7 19.5 8.25 9.2 0.95 0.95 1.271
 1,415 l min  air 












[kg O  day‐1]Time Inlet  Outlet Inlet  Outlet 2
11:04:59 AM 19.6 19.5 6.36 9.0 2.64 2.84 3.531
11:05:29 AM 19.6 19.5 6.65 9.1 2.45 2.55 3.277
11:05:59 AM 19.6 19.5 6.90 9.1 2.20 2.30 2.942
11:06:29 AM 19.6 19.5 7.14 9.1 1.96 2.06 2.621
11:06:59 AM 19.6 19.5 7.38 9.2 1.82 1.82 2.434
11:07:29 AM 19.6 19.5 7.57 9.2 1.63 1.63 2.180
11:07:59 AM 19.6 19.5 7.77 9.2 1.43 1.43 1.913
11:08:29 AM 19.7 19.5 7.93 9.2 1.27 1.27 1.699
11:08:59 AM 19.7 19.5 8.07 9.2 1.13 1.13 1.511






for equationsLift [cm] Trial  deficit
38.1 1 OTR = 1.3312*Cdeficit 0.973
38.1 2 OTR = 1.3170*Cdeficit 0.982











































     psw is density of seawater in kg m‐3 
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    S is salinity in ppt    
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Air‐lift 20.3 cm QL,ave  912.12 l min
‐1 dSMOW 998.30
Salinity  33 ppt QG,ave  849.35 l min
‐1 a 0.77
Cs  0.5 mg l
‐1 QG:QL 0.93 b ‐0.0044






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
1:13:00 PM 19.5 19.5 7.50 7.58 2.46 2.03 0.43 1.96 0.571
1:13:31 PM 19.5 19.5 7.50 7.58 2.46 2.03 0.43 1.96 0.571
1:14:01 PM 19.5 19.5 7.50 7.58 2.46 2.03 0.43 1.96 0.571
1:14:31 PM 19.5 19.5 7.50 7.58 2.46 2.03 0.43 1.96 0.571
1:15:01 PM 19.5 19.5 7.50 7.58 2.46 2.03 0.43 1.96 0.571
1:15:31 PM 19.5 19.5 7.50 7.58 2.46 2.03 0.43 1.96 0.571
1:16:01 PM 19.5 19.5 7.44 7.57 2.84 2.08 0.77 2.34 1.009
1:16:30 PM 19.5 19.5 7.23 7.41 4.69 3.06 1.64 4.19 2.149
1:17:00 PM 19.5 19.5 6.95 7.19 9.06 5.16 3.90 8.56 5.129
1:17:30 PM 19.5 19.5 6.67 6.93 17.39 9.50 7.90 16.89 10.371
1:18:01 PM 19.5 19.5 6.51 6.76 25.20 14.11 11.09 24.70 14.566
1:18:31 PM 19.6 19.5 6.35 6.63 36.41 19.09 17.33 35.91 22.757
1:19:01 PM 19.6 19.5 6.25 6.51 45.87 25.20 20.67 45.37 27.151
1:19:31 PM 19.6 19.5 6.16 6.43 56.47 30.33 26.14 55.97 34.336
1:20:01 PM 19.6 19.5 6.08 6.36 67.92 35.66 32.26 67.42 42.376
1:20:31 PM 19.6 19.5 6.03 6.30 76.22 40.96 35.26 75.72 46.318
1:21:01 PM 19.6 19.5 6.07 6.32 69.50 39.11 30.39 69.00 39.922
1:21:31 PM 19.6 19.4 6.13 6.37 60.52 34.92 25.60 60.02 33.625
1:22:01 PM 19.6 19.5 6.20 6.45 51.49 28.96 22.53 50.99 29.594
1:22:31 PM 19.6 19.5 6.32 6.54 39.02 23.51 15.51 38.52 20.376
1:23:01 PM 19.6 19.5 6.42 6.65 30.97 18.22 12.75 30.47 16.747
1:23:30 PM 19.6 19.5 6.54 6.76 23.46 14.11 9.35 22.96 12.277
1:24:00 PM 19.6 19.5 6.69 6.87 16.57 10.92 5.64 16.07 7.413
1:24:30 PM 19.6 19.5 6.81 6.96 12.54 8.85 3.68 12.04 4.835






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
1:25:30 PM 19.6 19.5 7.00 7.10 8.05 6.38 1.67 7.55 2.191
1:26:00 PM 19.6 19.5 7.07 7.15 6.83 5.67 1.16 6.33 1.522
1:26:30 PM 19.6 19.5 7.13 7.18 5.93 5.28 0.65 5.43 0.850
1:27:00 PM 19.6 19.5 7.17 7.23 5.40 4.69 0.70 4.90 0.923
1:27:30 PM 19.6 19.5 7.23 7.27 4.68 4.27 0.41 4.18 0.544
1:28:01 PM 19.6 19.5 7.26 7.30 4.36 3.98 0.39 3.86 0.507
1:28:31 PM 19.6 19.5 7.30 7.34 3.97 3.61 0.35 3.47 0.463
1:29:01 PM 19.6 19.5 7.32 7.37 3.78 3.36 0.42 3.28 0.549
1:29:31 PM 19.6 19.5 7.34 7.39 3.61 3.21 0.40 3.11 0.524
1:30:01 PM 19.6 19.5 7.36 7.40 3.44 3.13 0.31 2.94 0.403
1:30:31 PM 19.6 19.5 7.36 7.42 3.44 2.98 0.45 2.94 0.595
1:31:01 PM 19.6 19.4 7.37 7.43 3.36 2.92 0.44 2.86 0.573
1:31:31 PM 19.6 19.4 7.37 7.44 3.36 2.85 0.51 2.86 0.664
1:32:01 PM 19.6 19.4 7.38 7.44 3.28 2.85 0.43 2.78 0.560
30.5 cm lift_Trial 2_10/1/2008
Air‐lift 20.3 cm QL,ave  908.34 l min
‐1 dSMOW 998.30
Salinity  33 ppt QG,ave  849.35 l min
‐1 a 0.77
Cs  0.5 mg l
‐1 QG:QL 0.94 b ‐0.0044






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
1:55:11 PM 19.6 19.5 7.41 7.49 3.05 2.52 0.53 2.55 0.691
1:55:42 PM 19.6 19.5 7.41 7.50 3.05 2.46 0.59 2.55 0.770
1:56:12 PM 19.6 19.5 7.41 7.50 3.05 2.46 0.59 2.55 0.770
1:56:42 PM 19.6 19.5 7.39 7.49 3.20 2.52 0.68 2.70 0.887
1:57:12 PM 19.6 19.5 7.19 7.35 5.15 3.53 1.62 4.65 2.117
1:57:42 PM 19.6 19.5 6.95 7.15 9.04 5.67 3.37 8.54 4.413
1:58:12 PM 19.6 19.5 6.69 6.92 16.57 9.72 6.85 16.07 8.955
1:58:42 PM 19.6 19.5 6.48 6.72 26.96 15.49 11.47 26.46 15.001






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
1:59:42 PM 19.6 19.5 6.20 6.46 51.49 28.29 23.19 50.99 30.338
2:00:12 PM 19.6 19.5 6.12 6.38 61.93 34.04 27.89 61.43 36.474
2:00:42 PM 19.6 19.5 6.04 6.32 74.48 39.11 35.38 73.98 46.271
2:01:12 PM 19.6 19.5 5.98 6.26 85.54 44.92 40.62 85.04 53.127
2:01:42 PM 19.6 19.5 5.97 6.23 87.54 48.15 39.39 87.04 51.522
2:02:12 PM 19.6 19.5 5.98 6.23 85.54 48.15 37.39 85.04 48.911
2:02:42 PM 19.6 19.5 6.03 6.28 76.22 42.90 33.33 75.72 43.592
2:03:12 PM 19.6 19.5 6.11 6.36 63.38 35.66 27.72 62.88 36.258
2:03:42 PM 19.6 19.5 6.21 6.45 50.31 28.96 21.36 49.81 27.935
2:04:12 PM 19.6 19.5 6.32 6.55 39.02 22.97 16.05 38.52 20.996
2:04:42 PM 19.6 19.5 6.43 6.64 30.26 18.65 11.61 29.76 15.192
2:05:12 PM 19.6 19.5 6.56 6.75 22.40 14.44 7.95 21.90 10.403
2:05:42 PM 19.6 19.5 6.64 6.83 18.61 11.99 6.62 18.11 8.653
2:06:12 PM 19.6 19.5 6.76 6.90 14.08 10.19 3.90 13.58 5.095
2:06:42 PM 19.6 19.5 6.84 6.96 11.69 8.85 2.84 11.19 3.709
2:07:12 PM 19.6 19.5 6.93 7.03 9.48 7.52 1.96 8.98 2.564
2:07:42 PM 19.6 19.5 7.01 7.09 7.86 6.53 1.33 7.36 1.740
2:08:12 PM 19.6 19.5 7.08 7.16 6.67 5.54 1.13 6.17 1.481
2:08:42 PM 19.6 19.5 7.11 7.20 6.22 5.04 1.18 5.72 1.539
2:09:12 PM 19.6 19.5 7.16 7.23 5.53 4.69 0.83 5.03 1.088
2:09:42 PM 19.6 19.5 7.19 7.26 5.15 4.37 0.78 4.65 1.015
2:10:12 PM 19.6 19.5 7.21 7.28 4.91 4.17 0.74 4.41 0.969
2:10:42 PM 19.6 19.5 7.23 7.31 4.68 3.88 0.80 4.18 1.048
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38.1 cm lift_Trial 1_10/1/2008
Air‐lift 20.3 cm QL,ave  787.92 l min
‐1 dSMOW 998.29
Salinity  33 ppt QG,ave  849.35 l min
‐1 a 0.77
Cs  0.5 mg l
‐1 QG:QL 1.08 b ‐0.0044






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
2:56:14 PM 19.6 19.5 7.36 7.49 3.44 2.52 0.92 2.94 1.040
2:56:44 PM 19.6 19.5 7.36 7.50 3.44 2.46 0.98 2.94 1.108
2:57:14 PM 19.6 19.5 7.36 7.50 3.44 2.46 0.98 2.94 1.108
2:57:44 PM 19.6 19.5 7.34 7.49 3.61 2.52 1.08 3.11 1.230
2:58:14 PM 19.6 19.5 7.14 7.35 5.79 3.53 2.26 5.29 2.567
2:58:44 PM 19.6 19.5 6.90 7.15 10.16 5.67 4.49 9.66 5.099
2:59:14 PM 19.6 19.5 6.64 6.92 18.61 9.72 8.88 18.11 10.081
2:59:44 PM 19.6 19.5 6.43 6.72 30.26 15.49 14.77 29.76 16.763
3:00:14 PM 19.6 19.5 6.26 6.58 44.83 21.43 23.40 44.33 26.545
3:00:44 PM 19.6 19.5 6.15 6.46 57.79 28.29 29.49 57.29 33.463
3:01:14 PM 19.6 19.5 6.07 6.38 69.50 34.04 35.46 69.00 40.232
3:01:44 PM 19.6 19.5 5.99 6.32 83.59 39.11 44.48 83.09 50.468
3:02:14 PM 19.6 19.5 5.93 6.26 95.99 44.92 51.07 95.49 57.945
3:02:44 PM 19.6 19.5 5.95 6.23 91.67 48.15 43.52 91.17 49.379
3:03:14 PM 19.6 19.5 5.96 6.23 89.58 48.15 41.43 89.08 47.008
3:03:44 PM 19.6 19.5 5.98 6.30 85.54 40.96 44.58 85.04 50.582
3:04:14 PM 19.6 19.5 6.09 6.38 66.37 34.04 32.32 65.87 36.675
3:04:44 PM 19.6 19.5 6.19 6.47 52.69 27.65 25.04 52.19 28.414
3:05:14 PM 19.6 19.5 6.27 6.57 43.80 21.93 21.87 43.30 24.814
3:05:44 PM 19.6 19.6 6.38 6.66 33.97 17.76 16.21 33.47 18.390
3:06:14 PM 19.6 19.6 6.51 6.77 25.15 13.76 11.39 24.65 12.923
3:06:44 PM 19.6 19.6 6.59 6.85 20.89 11.42 9.47 20.39 10.748
3:07:14 PM 19.6 19.6 6.71 6.92 15.82 9.70 6.12 15.32 6.939
3:07:44 PM 19.6 19.6 6.79 6.98 13.13 8.43 4.70 12.63 5.334
3:08:14 PM 19.6 19.6 6.88 7.05 10.65 7.16 3.49 10.15 3.963
3:08:44 PM 19.6 19.6 6.96 7.08 8.84 6.67 2.17 8.34 2.457
3:09:14 PM 19.6 19.6 7.03 7.15 7.50 5.66 1.84 7.00 2.091
3:09:44 PM 19.6 19.6 7.06 7.19 6.99 5.15 1.84 6.49 2.091
3:10:14 PM 19.6 19.6 7.11 7.22 6.22 4.80 1.42 5.72 1.611
3:10:44 PM 19.6 19.6 7.14 7.25 5.79 4.47 1.33 5.29 1.504
90






[mg l‐1] C  ‐ C C CTR 





3:11:14 PM 19.6 19.6 7.16 7.27 5.53 4.26 1.27 5.03 1.436
3:11:44 PM 19.6 19.6 7.18 7.30 5.27 3.97 1.30 4.77 1.480
3:12:14 PM 19.6 19.6 7.22 7.33 4.78 3.74 1.04 4.28 1.183
3:12:44 PM 19.6 19.6 7.25 7.35 4.44 3.51 0.93 3.94 1.056
3:13:14 PM 19.6 19.6 7.28 7.38 4.13 3.30 0.83 3.63 0.940
3:13:44 PM 19.6 19.6 7.31 7.40 3.84 3.10 0.74 3.34 0.835






















Air‐lift 20.3 cm Q 749.39 l min‐1 dSMOW 998.29
Salinity  33 ppt
L,ave 
Q 849.35 l min‐1 a 0.77
C 0.5 mg l‐1
G,ave 
Q :Q 1.13 b ‐0.0044s 
FW 44.01 g mol‐1
G L





[mg l‐1] C  ‐ C C CTR 





3:52:25 PM 19.6 19.6 7.15 7.37 5.66 3.36 2.30 5.16 2.482
3:52:55 PM 19.6 19.6 7.14 7.37 5.79 3.36 2.43 5.29 2.628
3:53:25 PM 19.6 19.6 7.14 7.38 5.79 3.28 2.51 5.29 2.713
3:53:55 PM 19.6 19.6 7.12 7.36 6.07 3.44 2.63 5.57 2.841
3:54:25 PM 19.6 19.6 7.14 7.35 5.79 3.52 2.27 5.29 2.450
3:54:55 PM 19.6 19.6 6.88 7.13 10.65 5.93 4.72 10.15 5.093
3:55:25 PM 19.6 19.6 6.62 6.90 19.49 10.16 9.33 18.99 10.064
3:55:55 PM 19.6 19.6 6.41 6.70 31.69 16.19 15.51 31.19 16.733
3:56:25 PM 19.6 19.6 6.24 6.56 46.95 22.40 24.55 46.45 26.490
3:56:55 PM 19.6 19.6 6.13 6.44 60.52 29.57 30.95 60.02 33.396
3:57:25 PM 19.6 19.6 6.05 6.36 72.79 35.58 37.21 72.29 40.151
3:57:55 PM 19.6 19.6 5.97 6.30 87.54 40.87 46.67 87.04 50.358
3:58:25 PM 19.6 19.6 5.91 6.24 100.52 46.95 53.58 100.02 57.818
4:07:25 PM 19.6 19.5 7.12 7.23 6.07 4.69 1.38 5.57 1.486













[kg CO  day‐1]Time Inlet  Outlet Inlet  Outlet Inlet  Outlet 2
3:59:25 PM 19.6 19.6 5.95 6.21 91.67 50.31 41.35 91.17 44.626
3:59:55 PM 19.6 19.6 6.00 6.28 81.68 42.80 38.88 81.18 41.957
4:00:25 PM 19.6 19.6 6.11 6.36 63.38 35.58 27.80 62.88 29.997
4:00:55 PM 19.6 19.6 6.18 6.45 53.92 28.89 25.03 53.42 27.008
4:01:25 PM 19.6 19.6 6.23 6.55 48.04 22.92 25.12 47.54 27.107
4:01:55 PM 19.6 19.6 6.34 6.62 37.26 19.49 17.77 36.76 19.178
4:02:25 PM 19.6 19.6 6.47 6.73 27.59 15.10 12.49 27.09 13.476
4:02:55 PM 19.6 19.6 6.55 6.81 22.92 12.54 10.39 22.42 11.209
4:03:25 PM 19.6 19.6 6.67 6.88 17.36 10.65 6.71 16.86 7.237
4:03:55 PM 19.6 19.6 6.75 6.94 14.41 9.26 5.16 13.91 5.563
4:04:25 PM 19.6 19.5 6.84 7.01 11.69 7.88 3.81 11.19 4.114
4:04:55 PM 19.6 19.5 6.92 7.04 9.70 7.34 2.36 9.20 2.545
4:05:25 PM 19.6 19.5 6.99 7.11 8.24 6.23 2.01 7.74 2.166
4:05:55 PM 19.6 19.5 7.02 7.15 7.68 5.67 2.01 7.18 2.167
4:06:25 PM 19.6 19.5 7.07 7.18 6.83 5.28 1.55 6.33 1.668
4:06:55 PM 19.6 19.5 7.10 7.21 6.36 4.92 1.44 5.86 1.556
45.7 cm_Trial 1_10/2/2008



























Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [kg CO2 day ]
7:38:48 AM 19.5 19.5 7.70 7.68 1.51 1.59 ‐0.08 1.01 ‐0.073
7:39:18 AM 19.5 19.5 7.70 7.68 1.51 1.59 ‐0.08 1.01 ‐0.073
7:39:48 AM 19.5 19.5 7.70 7.68 1.51 1.59 ‐0.08 1.01 ‐0.073
7:40:18 AM 19.5 19.5 7.70 7.68 1.51 1.59 ‐0.08 1.01 ‐0.073
7:40:48 AM 19.5 19.5 7.70 7.68 1.51 1.59 ‐0.08 1.01 ‐0.073











Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg CO2 day ]
7:41:48 AM 19.5 19.5 7.44 7.62 2.84 1.84 1.01 2.34 0.963
7:42:19 AM 19.5 19.5 7.28 7.47 4.17 2.65 1.52 3.67 1.456
7:42:48 AM 19.5 19.5 6.94 7.29 9.28 4.07 5.21 8.78 4.978
7:43:28 AM 19.5 19.5 6.54 7.02 23.51 7.69 15.82 23.01 15.122
7:43:58 AM 19.5 19.5 6.44 6.84 29.63 11.72 17.92 29.13 17.132
7:44:28 AM 19.5 19.5 6.36 6.74 35.66 14.78 20.87 35.16 19.956
7:44:58 AM 19.5 19.5 6.26 6.64 44.92 18.65 26.28 44.42 25.123
7:45:28 AM 19.5 19.5 6.16 6.54 56.59 23.51 33.08 56.09 31.628
7:45:59 AM 19.5 19.5 6.08 6.44 68.07 29.63 38.43 67.57 36.745
7:46:29 AM 19.5 19.5 6.07 6.38 69.66 34.05 35.61 69.16 34.047
7:46:59 AM 19.5 19.5 6.10 6.35 65.00 36.49 28.51 64.50 27.255
7:47:28 AM 19.5 19.5 6.18 6.36 54.04 35.66 18.38 53.54 17.575
7:47:58 AM 19.5 19.5 6.26 6.42 44.92 31.04 13.89 44.42 13.277
7:48:28 AM 19.5 19.5 6.36 6.49 35.66 26.40 9.26 35.16 8.853
7:48:58 AM 19.5 19.5 6.45 6.56 28.96 22.45 6.51 28.46 6.224
7:49:28 AM 19.5 19.5 6.54 6.63 23.51 19.09 4.43 23.01 4.232
7:49:58 AM 19.5 19.5 6.63 6.70 19.09 16.22 2.86 18.59 2.736
7:50:28 AM 19.5 19.5 6.74 6.77 14.78 13.79 1.00 14.28 0.952
7:50:58 AM 19.5 19.5 6.81 6.84 12.56 11.72 0.85 12.06 0.810
7:51:28 AM 19.5 19.5 6.88 6.90 10.67 10.19 0.49 10.17 0.465
7:51:58 AM 19.5 19.5 7.00 6.96 8.06 8.85 ‐0.79 7.56 ‐0.756
7:52:28 AM 19.5 19.5 7.07 7.02 6.84 7.69 ‐0.85 6.34 ‐0.814
93
8:27:32 AM 19.5 19.5 7.03 7.02 7.52 7.69 ‐0.18 7.02 ‐0.165
45.7 cm lift_Trial 2_10/2/2008





















Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg CO2 day ]
8:14:31 AM 19.5 19.5 7.62 7.57 1.84 2.08 ‐0.24 1.34 ‐0.222
8:15:02 AM 19.5 19.5 7.62 7.57 1.84 2.08 ‐0.24 1.34 ‐0.222
8:15:32 AM 19.4 19.5 7.62 7.57 1.84 2.08 ‐0.23 1.34 ‐0.218
8:16:02 AM 19.5 19.5 7.61 7.58 1.88 2.03 ‐0.14 1.38 ‐0.133
8:16:32 AM 19.5 19.5 7.58 7.57 2.03 2.08 ‐0.05 1.53 ‐0.046
8:17:02 AM 19.4 19.5 7.41 7.54 3.06 2.23 0.83 2.56 0.770
8:17:32 AM 19.5 19.5 7.07 7.42 6.84 2.98 3.86 6.34 3.579
8:18:02 AM 19.5 19.5 6.74 7.15 14.78 5.67 9.11 14.28 8.454
8:18:32 AM 19.5 19.5 6.45 6.94 28.96 9.28 19.68 28.46 18.252
8:19:02 AM 19.5 19.5 6.30 6.75 40.96 14.44 26.51 40.46 24.593
8:19:32 AM 19.5 19.5 6.17 6.59 55.30 20.94 34.36 54.80 31.871
8:20:02 AM 19.5 19.5 6.09 6.47 66.51 27.65 38.87 66.01 36.050
8:20:32 AM 19.5 19.5 5.97 6.36 87.73 35.66 52.07 87.23 48.297
8:21:02 AM 19.5 19.5 5.99 6.28 83.77 42.90 40.88 83.27 37.913
8:21:32 AM 19.5 19.5 6.05 6.26 72.94 44.92 28.02 72.44 25.990
8:22:02 AM 19.5 19.5 6.10 6.29 65.00 41.92 23.08 64.50 21.408
8:22:32 AM 19.5 19.5 6.19 6.34 52.81 37.34 15.46 52.31 14.342
8:23:02 AM 19.5 19.5 6.29 6.42 41.92 31.04 10.88 41.42 10.091
8:23:32 AM 19.5 19.5 6.38 6.49 34.05 26.40 7.65 33.55 7.094
8:24:02 AM 19.5 19.5 6.48 6.57 27.01 21.93 5.08 26.51 4.714
8:24:32 AM 19.5 19.5 6.57 6.65 21.93 18.22 3.71 21.43 3.444
8:25:02 AM 19.5 19.5 6.63 6.72 19.09 15.49 3.60 18.59 3.337
8:25:32 AM 19.5 19.5 6.76 6.79 14.11 13.16 0.95 13.61 0.882
8:26:02 AM 19.5 19.5 6.82 6.85 12.27 11.45 0.83 11.77 0.768
8:26:32 AM 19.5 19.5 6.86 6.91 11.18 9.95 1.23 10.68 1.142
8:27:02 AM 19.5 19.5 6.97 6.97 8.65 8.65 0.00 8.15 0.000
94
 air‐lift at 850 l min‐1 air 





Lift [cm] Trial   Cfor deficit equations
30.5 1  =CTR  0.5822*Cdeficit 0.988
30.5 2  =CTR  0.5800*Cdeficit 0.991
38.1 1  =CTR  0.5698*Cdeficit 0.992
38.1 2  =CTR  0.5388*Cdeficit 0.989




Air‐lift 20.3 cm QL,ave  996.54 l min
‐1 dSMOW 998.27
Salinity  33 ppt QG,ave  1132.47 l min
‐1 a 0.77
Cs  0.5 mg l
‐1 QG:QL 1.14 b ‐0.0044






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
2:41:52 PM 19.7 19.7 7.66 7.77 1.64 1.25 0.39 1.14 0.564
2:42:23 PM 19.7 19.7 7.66 7.77 1.64 1.25 0.39 1.14 0.564
2:42:53 PM 19.7 19.7 7.66 7.77 1.64 1.25 0.39 1.14 0.564
2:43:23 PM 19.7 19.7 7.66 7.77 1.64 1.25 0.39 1.14 0.564
2:43:53 PM 19.7 19.7 7.66 7.77 1.64 1.25 0.39 1.14 0.564
2:44:23 PM 19.7 19.7 7.66 7.77 1.64 1.25 0.39 1.14 0.564
2:44:53 PM 19.7 19.7 7.66 7.77 1.64 1.25 0.39 1.14 0.564
2:45:23 PM 19.7 19.7 7.66 7.77 1.64 1.25 0.39 1.14 0.564
2:45:53 PM 19.7 19.7 7.66 7.77 1.64 1.25 0.39 1.14 0.564
2:46:23 PM 19.7 19.7 7.34 7.47 3.56 2.61 0.95 3.06 1.368
2:46:53 PM 19.7 19.7 7.12 7.34 5.99 3.56 2.43 5.49 3.492
2:47:23 PM 19.7 19.7 6.75 7.26 14.23 4.31 9.92 13.73 14.239
2:47:53 PM 19.7 19.7 6.62 7.15 19.24 5.58 13.66 18.74 19.597
2:48:23 PM 19.7 19.7 6.55 7.08 22.63 6.58 16.05 22.13 23.026
2:48:53 PM 19.7 19.7 6.44 6.92 29.19 9.58 19.62 28.69 28.149
2:49:23 PM 19.7 19.7 6.39 6.83 32.77 11.81 20.96 32.27 30.075
2:49:53 PM 19.7 19.7 6.36 6.75 35.12 14.23 20.90 34.62 29.985
2:50:23 PM 19.7 19.7 6.33 6.68 37.65 16.74 20.91 37.15 29.999
2:50:53 PM 19.7 19.7 6.31 6.64 39.43 18.37 21.06 38.93 30.218
2:51:23 PM 19.7 19.7 6.29 6.60 41.29 20.15 21.14 40.79 30.332
2:51:53 PM 19.7 19.7 6.28 6.57 42.26 21.60 20.65 41.76 29.634
2:52:23 PM 19.7 19.7 6.26 6.54 44.25 23.16 21.09 43.75 30.270
2:52:53 PM 19.7 19.7 6.25 6.51 45.29 24.83 20.46 44.79 29.363
2:53:23 PM 19.7 19.7 6.27 6.50 43.24 25.41 17.84 42.74 25.595
2:53:53 PM 19.7 19.7 6.38 6.49 33.54 26.00 7.53 33.04 10.812






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
2:54:53 PM 19.7 19.7 6.79 6.85 12.96 11.27 1.69 12.46 2.426
2:55:23 PM 19.7 19.7 6.89 6.97 10.27 8.52 1.75 9.77 2.512
2:55:53 PM 19.7 19.7 7.02 7.04 7.58 7.23 0.35 7.08 0.498
2:56:23 PM 19.7 19.7 7.11 7.11 6.14 6.14 0.00 5.64 0.000
2:56:53 PM 19.7 19.7 7.15 7.16 5.58 5.45 0.13 5.08 0.187
2:57:23 PM 19.7 19.7 7.20 7.21 4.96 4.85 0.12 4.46 0.166
2:57:53 PM 19.7 19.7 7.22 7.24 4.73 4.51 0.22 4.23 0.314
2:58:23 PM 19.7 19.7 7.23 7.27 4.62 4.20 0.42 4.12 0.600
2:58:53 PM 19.7 19.7 7.27 7.30 4.20 3.92 0.29 3.70 0.415
2:59:23 PM 19.7 19.7 7.27 7.27 4.20 4.20 0.00 3.70 0.000
2:59:53 PM 19.7 19.7 7.27 7.27 4.20 4.20 0.00 3.70 0.000
3:00:23 PM 19.7 19.7 7.58 7.64 2.00 1.72 0.27 1.50 0.392
3:00:53 PM 19.7 19.7 7.59 7.65 1.95 1.68 0.27 1.45 0.383
3:01:23 PM 19.7 19.7 7.59 7.66 1.95 1.64 0.31 1.45 0.442
3:01:53 PM 19.7 19.7 7.58 7.66 2.00 1.64 0.36 1.50 0.511
3:02:23 PM 19.7 19.7 7.59 7.67 1.95 1.60 0.35 1.45 0.499
3:02:53 PM 19.7 19.7 7.59 7.67 1.95 1.60 0.35 1.45 0.499
3:03:23 PM 19.7 19.7 7.59 7.67 1.95 1.60 0.35 1.45 0.499
3:03:53 PM 19.7 19.7 7.59 7.67 1.95 1.60 0.35 1.45 0.499
3:04:23 PM 19.7 19.7 7.59 7.68 1.95 1.56 0.39 1.45 0.555
38.1 cm lift_Trial 2_9/30/2008
Air‐lift 20.3 cm QL,ave  982.32 l min
‐1 dSMOW 998.31
Salinity  33 ppt QG,ave  1132.47 l min
‐1 a 0.77
Cs  0.5 mg l
‐1 QG:QL 1.15 b ‐0.0044






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
2:11:20 PM 19.6 19.4 7.41 7.45 2.94 2.68 0.26 2.44 0.363
2:11:51 PM 19.6 19.4 7.43 7.47 2.80 2.55 0.24 2.30 0.347






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
2:12:51 PM 19.6 19.4 7.44 7.49 2.73 2.43 0.30 2.23 0.423
2:13:21 PM 19.6 19.4 7.34 7.49 3.47 2.43 1.04 2.97 1.468
2:13:51 PM 19.6 19.4 7.06 7.35 6.73 3.40 3.32 6.23 4.700
2:14:21 PM 19.6 19.4 6.76 7.13 13.55 5.73 7.82 13.05 11.060
2:14:51 PM 19.6 19.4 6.52 6.87 23.64 10.54 13.11 23.14 18.544
2:15:21 PM 19.6 19.4 6.36 6.71 34.24 15.29 18.95 33.74 26.805
2:15:51 PM 19.6 19.4 6.29 6.63 40.25 18.40 21.84 39.75 30.897
2:16:21 PM 19.6 19.4 6.28 6.61 41.19 19.28 21.91 40.69 30.991
2:16:51 PM 19.6 19.4 6.32 6.62 37.55 18.84 18.72 37.05 26.474
2:17:21 PM 19.6 19.4 6.38 6.67 32.69 16.77 15.92 32.19 22.513
2:17:51 PM 19.6 19.4 6.48 6.74 25.94 14.26 11.68 25.44 16.524
2:18:21 PM 19.6 19.4 6.61 6.84 19.19 11.30 7.90 18.69 11.170
2:18:51 PM 19.6 19.4 6.73 6.93 14.53 9.16 5.37 14.03 7.595
2:19:21 PM 19.6 19.4 6.84 7.02 11.25 7.42 3.83 10.75 5.415
2:19:51 PM 19.6 19.5 6.94 7.09 8.91 6.28 2.63 8.41 3.714
2:20:21 PM 19.6 19.4 7.03 7.16 7.22 5.34 1.88 6.72 2.654
2:20:51 PM 19.6 19.5 7.11 7.22 5.98 4.62 1.36 5.48 1.919
2:21:21 PM 19.6 19.4 7.18 7.27 5.07 4.12 0.95 4.57 1.350
2:21:51 PM 19.6 19.4 7.24 7.32 4.40 3.66 0.74 3.90 1.054
2:22:21 PM 19.6 19.4 7.28 7.36 4.00 3.32 0.68 3.50 0.961
2:22:51 PM 19.6 19.4 7.31 7.36 3.73 3.32 0.40 3.23 0.571
2:23:21 PM 19.6 19.5 7.34 7.39 3.47 3.09 0.38 2.97 0.543
2:23:51 PM 19.6 19.5 7.36 7.42 3.31 2.87 0.44 2.81 0.617
2:24:21 PM 19.6 19.5 7.37 7.43 3.23 2.80 0.43 2.73 0.603
2:24:51 PM 19.6 19.4 7.39 7.43 3.08 2.81 0.27 2.58 0.380
2:25:21 PM 19.6 19.5 7.38 7.44 3.15 2.74 0.42 2.65 0.589
98
45.7 cm lift_Trial 1_9/29/2008
Air‐lift 20.3 cm QL,ave  772.33 l min
‐1 dSMOW 998.26
Salinity  33 ppt QG,ave  1132.47 l min
‐1 a 0.77
Cs  0.5 mg l
‐1 QG:QL 1.47 b ‐0.0044






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
4:06:53 PM 19.6 19.7 7.67 7.76 1.57 1.25 0.32 1.07 0.354
4:07:24 PM 19.6 19.7 7.69 7.77 1.49 1.22 0.27 0.99 0.304
4:07:54 PM 19.7 19.7 7.72 7.76 1.38 1.25 0.13 0.88 0.146
4:08:24 PM 19.7 19.7 7.72 7.77 1.38 1.22 0.16 0.88 0.181
4:08:54 PM 19.8 19.7 7.71 7.77 1.41 1.22 0.19 0.91 0.216
4:09:24 PM 19.8 19.7 7.69 7.77 1.49 1.22 0.27 0.99 0.296
4:09:54 PM 19.8 19.7 7.70 7.76 1.45 1.25 0.20 0.95 0.221
4:10:24 PM 19.8 19.7 7.71 7.72 1.41 1.38 0.03 0.91 0.035
4:10:54 PM 19.9 19.7 7.21 7.52 4.72 2.26 2.46 4.22 2.740
4:11:24 PM 19.9 19.7 7.02 7.26 7.39 4.22 3.17 6.89 3.528
4:11:54 PM 19.9 19.7 6.85 7.08 10.99 6.45 4.54 10.49 5.054
4:12:24 PM 20 19.7 6.52 6.93 23.60 9.16 14.44 23.10 16.057
4:12:54 PM 20 19.7 6.42 6.75 29.74 13.93 15.81 29.24 17.584
4:13:41 PM 19.8 19.7 6.30 6.70 39.42 15.65 23.77 38.92 26.439
4:14:12 PM 19.8 19.7 6.25 6.69 44.25 16.01 28.23 43.75 31.398
4:14:42 PM 19.8 19.7 6.35 6.76 35.12 13.61 21.51 34.62 23.920
4:15:12 PM 19.8 19.7 6.46 6.85 27.23 11.04 16.19 26.73 18.008
4:15:42 PM 19.8 19.7 6.58 6.94 20.62 8.95 11.68 20.12 12.986
4:16:12 PM 19.8 19.7 6.68 7.03 16.36 7.25 9.11 15.86 10.128
4:16:42 PM 19.8 19.7 6.78 7.10 12.96 6.15 6.81 12.46 7.578
4:17:12 PM 19.8 19.7 6.88 7.17 10.27 5.22 5.05 9.77 5.622
4:17:42 PM 19.8 19.7 7.01 7.23 7.58 4.53 3.05 7.08 3.396
4:18:12 PM 19.8 19.7 7.11 7.29 5.99 3.93 2.07 5.49 2.300
4:18:42 PM 19.8 19.7 7.12 7.32 5.85 3.66 2.20 5.35 2.446
4:19:12 PM 19.8 19.7 7.23 7.37 4.52 3.24 1.27 4.02 1.414
4:19:42 PM 19.8 19.7 7.29 7.41 3.92 2.95 0.97 3.42 1.078
4:20:12 PM 19.8 19.7 7.22 7.38 4.62 3.17 1.46 4.12 1.620
4:20:42 PM 19.8 19.7 7.17 7.38 5.20 3.17 2.04 4.70 2.265
4:21:12 PM 19.8 19.7 7.27 7.43 4.11 2.81 1.30 3.61 1.443
4:21:42 PM 19.8 19.7 7.32 7.49 3.65 2.43 1.22 3.15 1.352
99
3:16:31 PM 19.6 19.6 7.19 7.24 4.95 4.40 0.55 4.45 0.594
100
45.7 cm lift_Trial 2_9/30/2008
Air‐lift 20.3 cm Q 746.93 l min‐1 dSMOW 998.29
Salinity  33 ppt
L,ave 
Q 1132.47 l min‐1 a 0.77
C 0.5 mg l‐1
G,ave 
Q :Q 1.52 b ‐0.0044s 
FW 44.01 g mol‐1
G L





[mg l‐1] C  ‐ C C CTR 





3:02:00 PM 19.6 19.6 7.43 7.52 2.80 2.25 0.55 2.30 0.588
3:02:31 PM 19.6 19.6 7.43 7.52 2.80 2.25 0.55 2.30 0.588
3:03:01 PM 19.6 19.6 7.43 7.52 2.80 2.25 0.55 2.30 0.588
3:03:31 PM 19.6 19.6 7.43 7.52 2.80 2.25 0.55 2.30 0.588
3:04:01 PM 19.6 19.6 7.43 7.52 2.80 2.25 0.55 2.30 0.588
3:04:31 PM 19.6 19.6 7.43 7.52 2.80 2.25 0.55 2.30 0.588
3:05:01 PM 19.6 19.6 7.33 7.51 3.55 2.31 1.25 3.05 1.342
3:05:31 PM 19.6 19.6 7.12 7.40 5.84 3.01 2.84 5.34 3.050
3:06:01 PM 19.6 19.6 6.86 7.22 10.74 4.61 6.12 10.24 6.585
3:06:31 PM 19.6 19.6 6.66 7.02 17.09 7.39 9.70 16.59 10.438
3:07:01 PM 19.6 19.6 6.50 6.92 24.76 9.33 15.43 24.26 16.597
3:07:31 PM 19.6 19.6 6.30 6.73 39.33 14.53 24.80 38.83 26.673
3:08:01 PM 19.6 19.6 6.20 6.61 49.54 19.19 30.35 49.04 32.644
3:08:31 PM 19.6 19.6 6.14 6.53 56.90 23.10 33.80 56.40 36.356
3:09:01 PM 19.6 19.6 6.15 6.50 55.61 24.76 30.84 55.11 33.172
3:09:31 PM 19.6 19.6 6.22 6.54 47.31 22.57 24.73 46.81 26.604
3:10:01 PM 19.6 19.6 6.33 6.62 36.69 18.75 17.94 36.19 19.295
3:10:31 PM 19.6 19.6 6.42 6.71 29.80 15.22 14.58 29.30 15.683
3:11:01 PM 19.6 19.6 6.51 6.79 24.20 12.64 11.56 23.70 12.435
3:11:31 PM 19.6 19.6 6.58 6.84 20.58 11.25 9.33 20.08 10.033
3:12:01 PM 19.6 19.6 6.68 6.90 16.32 9.78 6.54 15.82 7.031
3:12:31 PM 19.6 19.6 6.74 6.95 14.19 8.70 5.49 13.69 5.907
3:13:01 PM 19.6 19.6 6.80 7.00 12.35 7.74 4.60 11.85 4.952
3:13:31 PM 19.6 19.6 6.90 7.04 9.78 7.05 2.73 9.28 2.937
3:14:01 PM 19.6 19.6 6.94 7.08 8.91 6.42 2.49 8.41 2.679
3:14:31 PM 19.6 19.6 7.00 7.11 7.74 5.98 1.76 7.24 1.894
3:15:01 PM 19.6 19.6 7.05 7.15 6.89 5.44 1.44 6.39 1.552
3:15:31 PM 19.6 19.6 7.09 7.18 6.27 5.07 1.20 5.77 1.288
3:16:01 PM 19.6 19.6 7.15 7.21 5.44 4.72 0.72 4.94 0.773







for  equationsLift [cm] Trial  deficit
38.1 1  =CTR  0.7580*Cdeficit 0.890
38.1 2  =CTR  0.7133*Cdeficit 0.972




Air‐lift 20.3 cm QL,ave  1136.11 l min
‐1 dSMOW 998.27
Salinity  33 ppt QG,ave  1415.59 l min
‐1 a 0.77
Cs  0.5 mg l
‐1 QG:QL 1.25 b ‐0.0044






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
4:43:39 PM 19.7 19.7 7.42 7.50 2.86 2.36 0.50 2.36 0.820
4:44:10 PM 19.7 19.7 7.42 7.50 2.86 2.36 0.50 2.36 0.820
4:44:40 PM 19.7 19.7 7.42 7.50 2.86 2.36 0.50 2.36 0.820
4:45:10 PM 19.7 19.7 7.26 7.47 4.19 2.53 1.65 3.69 2.704
4:45:40 PM 19.7 19.7 6.97 7.22 8.29 4.60 3.68 7.79 6.025
4:46:10 PM 19.7 19.7 6.72 7.06 14.84 6.71 8.13 14.34 13.294
4:46:40 PM 19.7 19.7 6.50 6.86 24.71 10.71 14.00 24.21 22.901
4:47:10 PM 19.7 19.7 6.37 6.71 33.38 15.19 18.19 32.88 29.765
4:47:40 PM 19.7 19.7 6.27 6.61 42.06 19.15 22.91 41.56 37.473
4:48:10 PM 19.7 19.7 6.21 6.53 48.31 23.05 25.26 47.81 41.318
4:48:40 PM 19.7 19.7 6.17 6.53 52.98 23.05 29.93 52.48 48.964
4:49:10 PM 19.7 19.7 6.25 6.58 44.05 20.53 23.51 43.55 38.470
4:49:40 PM 19.7 19.7 6.42 6.67 29.74 16.66 13.07 29.24 21.385
4:50:10 PM 19.7 19.7 6.54 6.76 22.52 13.52 9.00 22.02 14.731
4:50:40 PM 19.7 19.7 6.65 6.86 17.46 10.71 6.74 16.96 11.031
4:51:10 PM 19.7 19.7 6.78 6.96 12.91 8.48 4.42 12.41 7.236
4:51:40 PM 19.7 19.7 6.91 7.05 9.53 6.87 2.66 9.03 4.356
4:52:10 PM 19.7 19.7 7.02 7.13 7.37 5.69 1.68 6.87 2.745
4:52:40 PM 19.7 19.7 7.10 7.20 6.11 4.83 1.28 5.61 2.099
4:53:10 PM 19.7 19.7 7.17 7.25 5.18 4.29 0.89 4.68 1.461
4:53:40 PM 19.7 19.7 7.21 7.29 4.71 3.90 0.81 4.21 1.332
4:54:10 PM 19.7 19.7 7.25 7.32 4.29 3.63 0.66 3.79 1.075
4:54:40 PM 19.7 19.7 7.27 7.35 4.09 3.38 0.71 3.59 1.160
4:55:10 PM 19.7 19.7 7.30 7.37 3.81 3.22 0.59 3.31 0.958
4:55:40 PM 19.7 19.7 7.32 7.39 3.63 3.07 0.56 3.13 0.914






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
4:56:40 PM 19.7 19.7 7.33 7.40 3.55 3.00 0.55 3.05 0.894
4:57:10 PM 19.7 19.7 7.34 7.41 3.46 2.93 0.53 2.96 0.873
38.1 cm lift_Trial 2_9/30/2008
Air‐lift 20.3 cm QL,ave  1109.50 l min
‐1 dSMOW 998.27
Salinity  33 ppt QG,ave  1415.59 l min
‐1 a 0.77
Cs  0.5 mg l
‐1 QG:QL 1.28 b ‐0.0044






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
5:22:49 PM 19.7 19.7 7.37 7.46 3.22 2.60 0.63 2.72 1.000
5:23:20 PM 19.7 19.7 7.37 7.46 3.22 2.60 0.63 2.72 1.000
5:23:50 PM 19.7 19.7 7.37 7.46 3.22 2.60 0.63 2.72 1.000
5:24:20 PM 19.7 19.7 7.36 7.46 3.30 2.60 0.70 2.80 1.125
5:24:50 PM 19.7 19.7 7.11 7.36 5.97 3.30 2.67 5.47 4.261
5:25:20 PM 19.7 19.7 6.87 7.13 10.47 5.69 4.77 9.97 7.625
5:25:50 PM 19.7 19.7 6.65 6.98 17.46 8.09 9.36 16.96 14.955
5:26:20 PM 19.7 19.7 6.44 6.78 28.39 12.91 15.49 27.89 24.741
5:26:50 PM 19.7 19.7 6.32 6.65 37.47 17.46 20.01 36.97 31.976
5:27:20 PM 19.7 19.7 6.25 6.55 44.05 22.01 22.04 43.55 35.207
5:27:50 PM 19.7 19.7 6.19 6.50 50.59 24.71 25.88 50.09 41.348
5:28:20 PM 19.7 19.7 6.23 6.56 46.13 21.51 24.62 45.63 39.339
5:28:50 PM 19.7 19.7 6.28 6.63 41.10 18.28 22.81 40.60 36.448
5:29:20 PM 19.7 19.7 6.34 6.74 35.78 14.16 21.61 35.28 34.531
5:29:50 PM 19.7 19.7 6.52 6.84 23.59 11.22 12.37 23.09 19.762
5:30:20 PM 19.7 19.7 6.75 6.94 13.84 8.89 4.95 13.34 7.908
5:30:50 PM 19.7 19.7 6.86 7.03 10.71 7.20 3.51 10.21 5.611
5:31:20 PM 19.7 19.7 6.96 7.10 8.48 6.11 2.37 7.98 3.791
5:31:50 PM 19.7 19.7 7.05 7.16 6.87 5.30 1.57 6.37 2.502
5:32:20 PM 19.7 19.7 7.11 7.22 5.97 4.60 1.36 5.47 2.179






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
5:33:20 PM 19.7 19.7 7.20 7.29 4.83 3.90 0.93 4.33 1.481
5:33:50 PM 19.7 19.7 7.23 7.31 4.50 3.72 0.78 4.00 1.242
5:34:20 PM 19.7 19.7 7.25 7.34 4.29 3.46 0.83 3.79 1.320
5:34:50 PM 19.7 19.7 7.27 7.35 4.09 3.38 0.71 3.59 1.133
5:35:20 PM 19.7 19.7 7.28 7.36 3.99 3.30 0.69 3.49 1.107
5:35:50 PM 19.7 19.7 7.30 7.37 3.81 3.22 0.59 3.31 0.935
5:36:20 PM 19.7 19.7 7.31 7.38 3.72 3.15 0.57 3.22 0.914
45.7 cm lift_Trial 1_10/1/2008
Air‐lift 20.3 cm QL,ave  920.13 l min
‐1 dSMOW 998.32
Salinity  33 ppt QG,ave  1415.59 l min
‐1 a 0.77
Cs  0.5 mg l
‐1 QG:QL 1.54 b ‐0.0044






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
9:30:36 AM 19.5 19.4 7.49 7.64 2.52 1.75 0.77 2.02 1.018
9:31:07 AM 19.5 19.4 7.50 7.64 2.46 1.75 0.71 1.96 0.938
9:31:36 AM 19.5 19.4 7.50 7.65 2.46 1.71 0.75 1.96 0.994
9:32:06 AM 19.5 19.4 7.50 7.65 2.46 1.71 0.75 1.96 0.994
9:32:36 AM 19.5 19.4 7.42 7.64 2.99 1.75 1.23 2.49 1.631
9:33:06 AM 19.5 19.4 7.11 7.51 6.23 2.41 3.82 5.73 5.063
9:33:36 AM 19.5 19.4 6.76 7.27 14.11 4.28 9.83 13.61 13.030
9:34:06 AM 19.5 19.4 6.48 7.00 27.02 8.08 18.93 26.52 25.087
9:34:36 AM 19.4 19.4 6.32 6.81 39.20 12.59 26.60 38.70 35.250
9:35:07 AM 19.4 19.4 6.23 6.71 48.25 15.89 32.37 47.75 42.885
9:35:36 AM 19.4 19.4 6.17 6.62 55.42 19.58 35.85 54.92 47.495
9:36:06 AM 19.4 19.4 6.21 6.61 50.53 20.04 30.50 50.03 40.409
9:36:37 AM 19.4 19.4 6.29 6.65 42.01 18.26 23.75 41.51 31.466
9:37:06 AM 19.4 19.4 6.38 6.71 34.12 15.89 18.23 33.62 24.159
9:37:37 AM 19.4 19.4 6.51 6.79 25.26 13.19 12.07 24.76 15.989






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
9:38:36 AM 19.4 19.4 6.75 6.95 14.48 9.08 5.39 13.98 7.145
9:39:06 AM 19.4 19.4 6.88 7.01 10.70 7.89 2.80 10.20 3.712
9:39:36 AM 19.4 19.4 6.99 7.08 8.27 6.70 1.57 7.77 2.085
9:40:06 AM 19.4 19.4 7.08 7.14 6.70 5.82 0.88 6.20 1.168
9:40:36 AM 19.4 19.4 7.16 7.20 5.55 5.05 0.50 5.05 0.662
9:41:06 AM 19.4 19.4 7.25 7.26 4.49 4.38 0.11 3.99 0.139
9:41:37 AM 19.4 19.4 7.30 7.31 3.98 3.89 0.09 3.48 0.124
9:42:06 AM 19.4 19.4 7.35 7.36 3.54 3.45 0.08 3.04 0.111
45.7 cm lift_Trial 2_10/1/2008
Air‐lift 20.3 cm QL,ave  928.76 l min
‐1 dSMOW 998.32
Salinity  33 ppt QG,ave  1415.59 l min
‐1 a 0.77
Cs  0.5 mg l
‐1 QG:QL 1.52 b ‐0.0044






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
10:34:23 AM 19.5 19.4 7.51 7.61 2.40 1.89 0.51 1.90 0.689
10:34:54 AM 19.5 19.4 7.51 7.61 2.40 1.89 0.51 1.90 0.689
10:35:24 AM 19.5 19.4 7.51 7.61 2.40 1.89 0.51 1.90 0.689
10:35:54 AM 19.5 19.4 7.44 7.61 2.84 1.89 0.96 2.34 1.280
10:36:24 AM 19.5 19.4 7.12 7.48 6.08 2.59 3.50 5.58 4.675
10:36:54 AM 19.5 19.4 6.75 7.24 14.44 4.59 9.85 13.94 13.174
10:37:24 AM 19.5 19.4 6.49 6.98 26.40 8.47 17.93 25.90 23.977
10:37:54 AM 19.5 19.4 6.37 6.81 34.84 12.59 22.25 34.34 29.759
10:38:24 AM 19.5 19.4 6.26 6.73 44.92 15.17 29.76 44.42 39.801
10:38:54 AM 19.5 19.4 6.13 6.61 60.65 20.03 40.61 60.15 54.319
10:39:24 AM 19.5 19.4 6.13 6.52 60.65 24.68 35.97 60.15 48.107
10:39:54 AM 19.5 19.5 6.22 6.55 49.27 22.97 26.30 48.77 35.173
10:40:24 AM 19.5 19.4 6.34 6.64 37.34 18.69 18.65 36.84 24.949
10:40:54 AM 19.5 19.4 6.45 6.72 28.96 15.52 13.44 28.46 17.969
10:41:24 AM 19.5 19.4 6.58 6.81 21.43 12.59 8.84 20.93 11.822
105





[mg l‐1] C  ‐ C C CTR 





10:41:54 AM 19.5 19.4 6.69 6.88 16.61 10.70 5.91 16.11 7.902
10:42:24 AM 19.5 19.4 6.81 6.95 12.56 9.08 3.48 12.06 4.653
10:42:54 AM 19.5 19.4 6.92 7.01 9.72 7.89 1.83 9.22 2.444
10:43:24 AM 19.5 19.5 7.01 7.07 7.88 6.84 1.03 7.38 1.382
10:43:54 AM 19.5 19.4 7.11 7.13 6.23 5.96 0.27 5.73 0.365
10:44:24 AM 19.5 19.5 7.17 7.18 5.41 5.28 0.13 4.91 0.169

















































Lift QL QL QL
[cm] [l min‐1] [l min‐1] [l min‐1]




Ave 1142.43 1101.72 1121.31
1,840 l air min‐1, 45.7 cm lift hydraulic summary data
Trial 1 Trial 2 Trial 3
Lift QL QL QL
[cm] [l min‐1] [l min‐1] [l min‐1]





















12:15 PM 20.06 7.28 165.33
12:45 PM 20.06 7.50 160.48
1:15 PM 20.06 7.37 163.31
1:45 PM 20.06 7.47 161.13
2:15 PM 20.06 7.65 157.34
2:45 PM 20.06 7.40 162.65
Lift  30.5 cm QL,ave  161.71 l min
‐1







[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
12:01:00 PM 26.4 26.6 8.1 8.2 0.1 ‐0.1 0.023
12:02:00 PM 26.4 26.6 8.1 8.2 0.1 ‐0.1 0.023
12:03:00 PM 26.4 26.6 8.1 8.1 0.0 ‐0.1 0.000
12:04:00 PM 26.4 26.6 8.1 8.1 0.0 ‐0.1 0.000
12:05:00 PM 26.4 26.6 8.1 8.2 0.1 ‐0.1 0.023
12:06:00 PM 26.4 26.6 8.1 8.2 0.1 ‐0.1 0.023
12:07:00 PM 26.4 26.6 8.1 8.2 0.1 ‐0.1 0.023
12:08:00 PM 26.4 26.6 8.2 8.1 ‐0.1 ‐0.2 ‐0.023
12:09:00 PM 26.4 26.6 8.2 8.2 0.0 ‐0.2 0.000
12:10:00 PM 26.4 26.6 8.2 8.2 0.0 ‐0.2 0.000
12:11:00 PM 26.4 26.6 8.2 8.2 0.0 ‐0.2 0.000
12:12:00 PM 26.4 26.6 8.2 8.2 0.0 ‐0.2 0.000
12:13:00 PM 26.4 26.6 8.2 8.2 0.0 ‐0.2 0.000
12:14:00 PM 26.4 26.6 8.2 5.0 ‐3.2 ‐0.2 ‐0.745
12:15:00 PM 26.4 26.7 5.9 0.4 ‐5.5 2.1 ‐1.281
12:16:00 PM 26.4 26.7 0.2 0.7 0.5 7.8 0.116





[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
12:18:00 PM 26.5 26.7 0.1 0.4 0.3 7.9 0.070
12:19:00 PM 26.5 26.7 0.1 0.1 0.0 7.9 0.000
12:20:00 PM 26.5 26.7 0.1 0.3 0.2 7.9 0.047
12:21:00 PM 26.5 26.7 0.1 0.2 0.1 7.9 0.023
12:22:00 PM 26.5 26.7 0.1 0.1 0.0 7.9 0.000
12:23:00 PM 26.5 26.7 0.1 0.0 ‐0.1 7.9 ‐0.023
12:24:00 PM 26.5 26.7 0.1 0.0 ‐0.1 7.9 ‐0.023
12:25:00 PM 26.5 26.7 0.1 0.0 ‐0.1 7.9 ‐0.023
12:26:00 PM 26.5 26.7 0.1 0.0 ‐0.1 7.9 ‐0.023
12:27:00 PM 26.5 26.7 0.1 0.0 ‐0.1 7.9 ‐0.023
12:28:00 PM 26.5 26.7 0.1 0.0 ‐0.1 7.9 ‐0.023
12:29:00 PM 26.5 26.7 0.3 0.0 ‐0.3 7.7 ‐0.070
12:30:00 PM 26.5 26.7 0.3 0.1 ‐0.2 7.7 ‐0.047
12:31:00 PM 26.5 26.7 0.5 0.1 ‐0.4 7.5 ‐0.093
12:32:00 PM 26.5 26.7 0.6 0.1 ‐0.5 7.4 ‐0.116
12:33:00 PM 26.5 26.7 0.8 0.0 ‐0.8 7.2 ‐0.186
12:34:00 PM 26.5 26.7 0.8 0.1 ‐0.7 7.2 ‐0.163
12:35:00 PM 26.5 26.7 0.7 0.4 ‐0.3 7.3 ‐0.070
12:36:00 PM 26.5 26.7 0.8 0.5 ‐0.3 7.2 ‐0.070
12:37:00 PM 26.5 26.7 1.0 0.5 ‐0.5 7.0 ‐0.116
12:38:00 PM 26.5 26.7 1.1 0.8 ‐0.3 6.9 ‐0.070
12:39:00 PM 26.5 26.7 1.2 1.0 ‐0.2 6.8 ‐0.047
12:40:00 PM 26.5 26.7 1.3 1.0 ‐0.3 6.7 ‐0.070
12:41:00 PM 26.5 26.7 1.4 1.3 ‐0.1 6.6 ‐0.023
12:42:00 PM 26.5 26.7 1.5 1.5 0.0 6.5 0.000
12:43:00 PM 26.5 26.7 1.7 1.5 ‐0.2 6.3 ‐0.047
12:44:00 PM 26.5 26.7 1.8 1.8 0.0 6.2 0.000
12:45:00 PM 26.6 26.7 1.9 1.9 0.0 6.1 0.000
12:46:00 PM 26.6 26.7 2.0 2.1 0.1 6.0 0.023
12:47:00 PM 26.6 26.7 2.2 2.1 ‐0.1 5.8 ‐0.023
12:48:00 PM 26.6 26.7 2.2 2.3 0.1 5.8 0.023
12:49:00 PM 26.6 26.7 2.3 2.5 0.2 5.7 0.047
12:50:00 PM 26.6 26.7 2.5 2.6 0.1 5.5 0.023
12:51:00 PM 26.6 26.7 2.6 2.7 0.1 5.4 0.023





[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
12:53:00 PM 26.6 26.7 2.7 3.0 0.3 5.3 0.070
12:54:00 PM 26.6 26.7 2.8 3.1 0.3 5.2 0.070
12:55:00 PM 26.6 26.7 2.9 3.2 0.3 5.1 0.070
12:56:00 PM 26.6 26.7 2.9 3.2 0.3 5.1 0.070
12:57:00 PM 26.6 26.7 3.0 3.4 0.4 5.0 0.093
12:58:00 PM 26.6 26.7 3.1 3.5 0.4 4.9 0.093
12:59:00 PM 26.6 26.7 3.2 3.6 0.4 4.8 0.093
1:00:00 PM 26.6 26.7 3.2 3.7 0.5 4.8 0.116
1:01:00 PM 26.6 26.7 3.3 3.8 0.5 4.7 0.116
1:02:00 PM 26.6 26.7 3.4 3.9 0.5 4.6 0.116
1:03:00 PM 26.6 26.7 3.5 4.0 0.5 4.5 0.116
1:04:00 PM 26.6 26.7 3.5 4.0 0.5 4.5 0.116
1:05:00 PM 26.6 26.7 3.6 4.1 0.5 4.4 0.116
1:06:00 PM 26.6 26.7 3.7 4.2 0.5 4.3 0.116
1:07:00 PM 26.6 26.7 3.8 4.3 0.5 4.2 0.116
1:08:00 PM 26.6 26.7 3.9 4.3 0.4 4.1 0.093
1:09:00 PM 26.6 26.7 3.9 4.4 0.5 4.1 0.116
1:10:00 PM 26.6 26.7 4.0 4.5 0.5 4.0 0.116
1:11:00 PM 26.6 26.7 4.1 4.6 0.5 3.9 0.116
1:12:00 PM 26.6 26.7 4.1 4.7 0.6 3.9 0.140
1:13:00 PM 26.6 26.7 4.1 4.6 0.5 3.9 0.116
1:14:00 PM 26.6 26.7 4.2 4.5 0.3 3.8 0.070
1:15:00 PM 26.6 26.7 4.2 4.5 0.3 3.8 0.070
1:16:00 PM 26.6 26.7 4.2 4.5 0.3 3.8 0.070
1:17:00 PM 26.6 26.7 4.2 4.7 0.5 3.8 0.116
1:18:00 PM 26.6 26.7 4.2 4.7 0.5 3.8 0.116
1:19:00 PM 26.6 26.8 4.2 4.9 0.7 3.8 0.163
1:20:00 PM 26.6 26.8 4.2 4.9 0.7 3.8 0.163
1:21:00 PM 26.6 26.8 4.3 4.9 0.6 3.7 0.140
1:22:00 PM 26.6 26.8 4.4 5.0 0.6 3.6 0.140
1:23:00 PM 26.6 26.8 4.4 5.1 0.7 3.6 0.163
1:24:00 PM 26.6 26.8 4.5 5.1 0.6 3.5 0.140
1:25:00 PM 26.6 26.8 4.6 5.2 0.6 3.4 0.140
1:26:00 PM 26.6 26.8 4.6 5.3 0.7 3.4 0.163





[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
1:28:00 PM 26.6 26.8 4.7 5.4 0.7 3.3 0.163
1:29:00 PM 26.6 26.8 4.8 5.5 0.7 3.2 0.163
1:30:00 PM 26.6 26.8 4.8 5.5 0.7 3.2 0.163
1:31:00 PM 26.6 26.8 4.9 5.6 0.7 3.1 0.163
1:32:00 PM 26.6 26.8 4.9 5.6 0.7 3.1 0.163
1:33:00 PM 26.6 26.8 5.0 5.7 0.7 3.0 0.163
1:34:00 PM 26.6 26.8 5.0 5.7 0.7 3.0 0.163
1:35:00 PM 26.6 26.8 5.1 5.8 0.7 2.9 0.163
1:36:00 PM 26.6 26.8 5.1 5.8 0.7 2.9 0.163
1:37:00 PM 26.6 26.8 5.2 5.9 0.7 2.8 0.163
1:38:00 PM 26.6 26.8 5.2 5.9 0.7 2.8 0.163
1:39:00 PM 26.6 26.8 5.3 5.9 0.6 2.7 0.140
1:40:00 PM 26.6 26.8 5.3 6.0 0.7 2.7 0.163
1:41:00 PM 26.6 26.8 5.3 6.0 0.7 2.7 0.163
1:42:00 PM 26.6 26.8 5.3 6.1 0.8 2.7 0.186
1:43:00 PM 26.6 26.8 5.3 6.1 0.8 2.7 0.186
1:44:00 PM 26.6 26.8 5.4 6.2 0.8 2.6 0.186
1:45:00 PM 26.6 26.8 5.5 6.1 0.6 2.5 0.140
1:46:00 PM 26.6 26.8 5.4 6.1 0.7 2.6 0.163
1:47:00 PM 26.6 26.8 5.4 6.2 0.8 2.6 0.186
1:48:00 PM 26.6 26.8 5.4 6.2 0.8 2.6 0.186
1:49:00 PM 26.6 26.8 5.4 6.3 0.9 2.6 0.210
1:50:00 PM 26.6 26.8 5.5 6.3 0.8 2.5 0.186
1:51:00 PM 26.6 26.8 5.5 6.3 0.8 2.5 0.186
1:52:00 PM 26.6 26.8 5.6 6.3 0.7 2.4 0.163
1:53:00 PM 26.6 26.8 5.7 6.4 0.7 2.3 0.163
1:54:00 PM 26.6 26.8 5.7 6.4 0.7 2.3 0.163
1:55:00 PM 26.6 26.8 5.8 6.5 0.7 2.2 0.163
1:56:00 PM 26.6 26.8 5.8 6.5 0.7 2.2 0.163
1:57:00 PM 26.6 26.8 5.8 6.5 0.7 2.2 0.163
1:58:00 PM 26.6 26.8 5.9 6.5 0.6 2.1 0.140
1:59:00 PM 26.6 26.8 5.9 6.6 0.7 2.1 0.163
2:00:00 PM 26.6 26.8 6.0 6.6 0.6 2.0 0.140
2:01:00 PM 26.6 26.8 6.1 6.6 0.5 1.9 0.116
2:02:00 PM 26.6 26.8 6.0 6.7 0.7 2.0 0.163
112





[mg l‐1] C  ‐ C C OTR 





2:03:00 PM 26.6 26.8 6.1 6.7 0.6 1.9 0.140
2:04:00 PM 26.6 26.8 6.1 6.7 0.6 1.9 0.140
2:05:00 PM 26.6 26.8 6.2 6.8 0.6 1.8 0.140
2:06:00 PM 26.6 26.8 6.2 6.8 0.6 1.8 0.140
2:07:00 PM 26.6 26.8 6.3 6.8 0.5 1.7 0.116
2:08:00 PM 26.6 26.8 6.2 6.8 0.6 1.8 0.140
2:09:00 PM 26.6 26.8 6.3 6.8 0.5 1.7 0.116
2:10:00 PM 26.6 26.8 6.3 6.9 0.6 1.7 0.140
2:11:00 PM 26.6 26.8 6.4 6.9 0.5 1.6 0.116
2:12:00 PM 26.6 26.8 6.4 6.9 0.5 1.6 0.116
2:13:00 PM 26.6 26.8 6.4 6.9 0.5 1.6 0.116
2:14:00 PM 26.6 26.8 6.5 7.0 0.5 1.5 0.116
2:15:00 PM 26.6 26.8 6.5 7.0 0.5 1.5 0.116
2:16:00 PM 26.6 26.8 6.5 7.0 0.5 1.5 0.116
2:17:00 PM 26.6 26.8 6.6 7.0 0.4 1.4 0.093
2:18:00 PM 26.6 26.8 6.5 7.0 0.5 1.5 0.116
2:19:00 PM 26.6 26.8 6.6 7.0 0.4 1.4 0.093
2:20:00 PM 26.6 26.8 6.6 7.0 0.4 1.4 0.093
2:21:00 PM 26.6 26.8 6.6 7.0 0.4 1.4 0.093
2:22:00 PM 26.6 26.8 6.6 7.1 0.5 1.4 0.116
2:23:00 PM 26.6 26.8 6.6 7.0 0.4 1.4 0.093
2:24:00 PM 26.6 26.8 6.6 7.1 0.5 1.4 0.116
2:25:00 PM 26.6 26.8 6.7 7.1 0.4 1.3 0.093
2:26:00 PM 26.6 26.8 6.7 7.1 0.4 1.3 0.093
2:27:00 PM 26.6 26.8 6.7 7.1 0.4 1.3 0.093
2:28:00 PM 26.6 26.8 6.7 7.2 0.5 1.3 0.116
2:29:00 PM 26.6 26.8 6.8 7.2 0.4 1.2 0.093
2:30:00 PM 26.6 26.8 6.8 7.2 0.4 1.2 0.093
2:31:00 PM 26.6 26.8 6.8 7.2 0.4 1.2 0.093
2:32:00 PM 26.6 26.8 6.8 7.2 0.4 1.2 0.093
2:33:00 PM 26.6 26.8 6.9 7.2 0.3 1.1 0.070
2:34:00 PM 26.6 26.8 6.9 7.2 0.3 1.1 0.070
2:35:00 PM 26.6 26.8 6.9 7.3 0.4 1.1 0.093
2:36:00 PM 26.6 26.8 6.9 7.3 0.4 1.1 0.093
2:43:00 PM 26.6 26.8 7.1 7.4 0.3 0.9 0.070
1:15 PM 20.06 7.34 163.98











[kg O  day‐1]Time Inlet  Outlet Inlet  Outlet 2
2:38:00 PM 26.6 26.8 6.9 7.3 0.4 1.1 0.093
2:39:00 PM 26.6 26.8 7.0 7.3 0.3 1.0 0.070
2:40:00 PM 26.6 26.8 7.0 7.3 0.3 1.0 0.070
2:41:00 PM 26.6 26.8 7.0 7.3 0.3 1.0 0.070









‐1[liters] [sec] [l min ]
10:30 AM 20.06 7.41 162.43
10:45 AM 20.06 7.53 159.84
11:15 AM 20.06 7.50 160.48





















[kg O  day‐1]Time Inlet  Outlet Inlet  Outlet 2
10:45:48 AM 26.8 25.2 8.3 8.4 0.1 ‐0.1 0.023
10:46:48 AM 26.8 25.2 8.3 8.4 0.1 ‐0.1 0.023
10:47:48 AM 26.7 25.2 8.3 8.4 0.1 ‐0.1 0.023
10:48:48 AM 26.7 25.2 0.2 1.3 1.1 8.0 0.256
10:49:48 AM 26.7 25.2 0.1 5.3 5.2 8.1 1.211
10:50:48 AM 26.7 25.3 0.1 0.2 0.1 8.1 0.023
10:51:48 AM 26.7 25.3 0.1 1.8 1.7 8.1 0.396
10:52:48 AM 26.7 25.3 0.1 0.1 0.0 8.1 0.000
10:53:48 AM 26.7 25.3 0.1 0.0 ‐0.1 8.1 ‐0.023










Time Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg O2 day ]
10:55:48 AM 26.7 25.3 0.1 0.0 ‐0.1 8.1 ‐0.023
10:56:48 AM 26.6 25.3 0.1 0.0 ‐0.1 8.1 ‐0.023
10:57:48 AM 26.6 25.3 0.1 0.0 ‐0.1 8.1 ‐0.023
10:58:48 AM 26.6 25.3 0.1 0.0 ‐0.1 8.1 ‐0.023
10:59:48 AM 26.6 25.3 0.1 0.0 ‐0.1 8.1 ‐0.023
11:00:48 AM 26.6 25.3 0.1 0.0 ‐0.1 8.1 ‐0.023
11:01:48 AM 26.5 25.3 0.0 0.0 0.0 8.2 0.000
11:02:48 AM 26.6 25.3 0.0 0.1 0.1 8.2 0.023
11:03:48 AM 26.6 25.3 0.0 0.2 0.2 8.2 0.047
11:04:48 AM 26.6 25.3 0.0 0.4 0.4 8.2 0.093
11:05:48 AM 26.6 25.3 0.1 0.4 0.3 8.1 0.070
11:06:48 AM 26.6 25.3 0.1 0.7 0.6 8.1 0.140
11:07:48 AM 26.6 25.3 0.1 0.8 0.7 8.1 0.163
11:08:50 AM 26.5 25.3 0.2 1.0 0.8 8.0 0.186
11:09:50 AM 26.5 25.3 0.3 1.1 0.8 7.9 0.186
11:10:50 AM 26.5 25.3 0.4 1.3 0.9 7.8 0.210
11:11:50 AM 26.5 25.3 0.5 1.4 0.9 7.7 0.210
11:12:50 AM 26.5 25.3 0.7 1.4 0.7 7.5 0.163
11:13:50 AM 26.5 25.3 0.6 1.7 1.1 7.6 0.256
11:14:50 AM 26.5 25.3 0.7 1.6 0.9 7.5 0.210
11:15:50 AM 26.5 25.3 0.9 1.8 0.9 7.3 0.210
11:16:50 AM 26.4 25.3 1.0 2.1 1.1 7.2 0.256
11:17:50 AM 26.5 25.3 1.1 2.2 1.1 7.1 0.256
11:18:50 AM 26.4 25.3 1.2 2.3 1.1 7.0 0.256
11:19:49 AM 26.4 25.3 1.3 2.4 1.1 6.9 0.256
11:20:49 AM 26.4 25.3 1.4 2.5 1.1 6.8 0.256
11:21:49 AM 26.3 25.3 1.5 2.7 1.2 6.7 0.279
11:22:49 AM 26.4 25.3 1.6 2.8 1.2 6.6 0.279
11:23:49 AM 26.3 25.3 1.6 2.9 1.3 6.6 0.303
11:24:49 AM 26.3 25.3 1.7 3.0 1.3 6.5 0.303
11:25:49 AM 26.3 25.3 1.9 3.1 1.2 6.3 0.279
11:26:49 AM 26.3 25.3 2.0 3.2 1.2 6.2 0.279
11:27:49 AM 26.3 25.3 2.1 3.4 1.3 6.1 0.303
11:28:49 AM 26.4 25.3 2.1 3.5 1.4 6.1 0.326










Time Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg O2 day ]
11:30:49 AM 26.3 25.3 2.3 3.7 1.4 5.9 0.326
11:31:49 AM 26.3 25.3 2.5 3.7 1.2 5.7 0.279
11:32:49 AM 26.3 25.3 2.5 3.9 1.4 5.7 0.326
11:33:49 AM 26.3 25.3 2.7 4.0 1.3 5.5 0.303
11:34:49 AM 26.3 25.3 2.7 4.0 1.3 5.5 0.303
11:35:50 AM 26.3 25.3 2.8 4.1 1.3 5.4 0.303
11:36:49 AM 26.3 25.3 2.9 4.2 1.3 5.3 0.303
11:37:49 AM 26.3 25.3 3.0 4.3 1.3 5.2 0.303
11:38:51 AM 26.3 25.3 3.1 4.3 1.2 5.1 0.279
11:39:51 AM 26.3 25.3 3.2 4.4 1.2 5.0 0.279
11:40:51 AM 26.3 25.3 3.3 4.5 1.2 4.9 0.279
11:41:51 AM 26.3 25.3 3.4 4.6 1.2 4.8 0.279
11:42:51 AM 26.3 25.3 3.5 4.7 1.2 4.7 0.279
11:43:51 AM 26.3 25.3 3.5 4.7 1.2 4.7 0.279
11:44:51 AM 26.3 25.3 3.7 4.8 1.1 4.5 0.256
11:45:51 AM 26.3 25.3 3.7 4.9 1.2 4.5 0.279
11:46:51 AM 26.3 25.3 3.7 4.9 1.2 4.5 0.279
11:47:51 AM 26.2 25.3 3.7 5.0 1.3 4.5 0.303
11:48:51 AM 26.3 25.3 3.9 5.1 1.2 4.3 0.279
11:49:51 AM 26.3 25.3 3.9 5.1 1.2 4.3 0.279
11:50:51 AM 26.3 25.3 4.1 5.2 1.1 4.1 0.256
11:51:51 AM 26.2 25.3 4.1 5.2 1.1 4.1 0.256
11:52:51 AM 26.3 25.3 4.2 5.3 1.1 4.0 0.256
11:53:51 AM 26.3 25.3 4.2 5.3 1.1 4.0 0.256
11:54:51 AM 26.3 25.3 4.2 5.4 1.2 4.0 0.279
11:55:51 AM 26.2 25.3 4.4 5.4 1.0 3.8 0.233
11:56:51 AM 26.2 25.3 4.4 5.5 1.1 3.8 0.256
11:57:51 AM 26.2 25.3 4.5 5.5 1.0 3.7 0.233
11:58:51 AM 26.3 25.3 4.5 5.6 1.1 3.7 0.256
11:59:51 AM 26.3 25.3 4.7 5.6 0.9 3.5 0.210
12:00:51 PM 26.2 25.3 4.6 5.7 1.1 3.6 0.256
12:01:51 PM 26.3 25.3 4.7 5.7 1.0 3.5 0.233
12:02:51 PM 26.2 25.3 4.8 5.8 1.0 3.4 0.233
12:03:51 PM 26.2 25.3 4.8 5.8 1.0 3.4 0.233




Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
12:05:51 PM 26.2 25.3 4.9 5.9 1.0 3.3 0.233
12:06:52 PM 26.2 25.3 5.0 5.9 0.9 3.2 0.210
12:07:52 PM 26.2 25.3 5.1 6.0 0.9 3.1 0.210
12:08:52 PM 26.2 25.3 5.1 6.0 0.9 3.1 0.210
12:09:52 PM 26.2 25.3 5.2 6.1 0.9 3.0 0.210
12:10:52 PM 26.2 25.3 5.3 6.1 0.8 2.9 0.186
12:11:52 PM 26.2 25.3 5.3 6.1 0.8 2.9 0.186
12:12:52 PM 26.2 25.3 5.4 6.2 0.8 2.8 0.186
12:13:52 PM 26.2 25.3 5.4 6.2 0.8 2.8 0.186
12:14:52 PM 26.1 25.3 5.4 6.3 0.9 2.8 0.210
12:15:52 PM 26.2 25.3 5.4 6.3 0.9 2.8 0.210
12:16:52 PM 26.2 25.3 5.5 6.3 0.8 2.7 0.186
12:17:52 PM 26.2 25.3 5.6 6.4 0.8 2.6 0.186
12:18:52 PM 26.2 25.3 5.6 6.4 0.8 2.6 0.186
12:19:52 PM 26.2 25.3 5.7 6.4 0.7 2.5 0.163
12:20:52 PM 26.2 25.3 5.6 6.5 0.9 2.6 0.210
12:21:52 PM 26.2 25.3 5.7 6.5 0.8 2.5 0.186
12:22:52 PM 26.2 25.3 5.7 6.5 0.8 2.5 0.186
12:23:52 PM 26.2 25.4 5.7 6.5 0.8 2.5 0.186
12:24:52 PM 26.2 25.4 5.8 6.6 0.8 2.4 0.186
12:25:52 PM 26.2 25.4 5.8 6.6 0.8 2.4 0.186
12:26:52 PM 26.1 25.4 5.9 6.6 0.7 2.3 0.163
12:27:52 PM 26.2 25.4 5.9 6.7 0.8 2.3 0.186
12:28:52 PM 26.1 25.4 5.9 6.7 0.8 2.3 0.186
12:29:52 PM 26.1 25.4 6.0 6.7 0.7 2.2 0.163
12:30:52 PM 26.2 25.4 6.1 6.8 0.7 2.1 0.163
12:31:52 PM 26.1 25.4 6.1 6.8 0.7 2.1 0.163
12:32:52 PM 26.2 25.4 6.2 6.8 0.6 2.0 0.140
12:33:54 PM 26.2 25.4 6.2 6.8 0.6 2.0 0.140
12:34:53 PM 26.2 25.4 6.2 6.8 0.6 2.0 0.140
12:35:53 PM 26.2 25.4 6.2 6.9 0.7 2.0 0.163
12:36:53 PM 26.2 25.4 6.3 6.9 0.6 1.9 0.140
12:37:53 PM 26.2 25.4 6.3 6.9 0.6 1.9 0.140
12:38:53 PM 26.2 25.4 6.3 6.9 0.6 1.9 0.140




Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
12:40:53 PM 26.2 25.4 6.4 7.0 0.6 1.8 0.140
12:41:53 PM 26.2 25.4 6.4 7.0 0.6 1.8 0.140
12:42:53 PM 26.2 25.4 6.5 7.0 0.5 1.7 0.116
12:43:53 PM 26.2 25.4 6.5 7.0 0.5 1.7 0.116
12:44:53 PM 26.2 25.4 6.5 7.0 0.5 1.7 0.116
12:45:53 PM 26.2 25.4 6.5 7.1 0.6 1.7 0.140
12:46:53 PM 26.2 25.4 6.6 7.1 0.5 1.6 0.116
12:47:53 PM 26.2 25.4 6.5 7.1 0.6 1.7 0.140
12:48:53 PM 26.2 25.4 6.6 7.1 0.5 1.6 0.116
12:49:53 PM 26.2 25.4 6.6 7.2 0.6 1.6 0.140
12:50:53 PM 26.2 25.4 6.6 7.2 0.6 1.6 0.140
12:51:53 PM 26.2 25.4 6.6 7.2 0.6 1.6 0.140
12:52:53 PM 26.2 25.4 6.6 7.2 0.6 1.6 0.140
12:53:53 PM 26.2 25.4 6.7 7.2 0.5 1.5 0.116
12:54:53 PM 26.2 25.4 6.8 7.2 0.4 1.4 0.093
12:55:53 PM 26.2 25.4 6.8 7.3 0.5 1.4 0.116
12:56:53 PM 26.2 25.4 6.8 7.3 0.5 1.4 0.116
12:57:53 PM 26.2 25.4 6.8 7.3 0.5 1.4 0.116
12:58:53 PM 26.2 25.4 6.8 7.3 0.5 1.4 0.116
12:59:55 PM 26.2 25.4 6.9 7.3 0.4 1.3 0.093
1:00:55 PM 26.2 25.4 6.9 7.3 0.4 1.3 0.093
1:01:55 PM 26.2 25.4 6.9 7.4 0.5 1.3 0.116
1:02:55 PM 26.2 25.4 7.0 7.4 0.4 1.2 0.093
1:03:55 PM 26.2 25.4 7.0 7.4 0.4 1.2 0.093
1:04:55 PM 26.2 25.4 7.0 7.4 0.4 1.2 0.093
1:05:55 PM 26.2 25.4 7.0 7.4 0.4 1.2 0.093
1:06:55 PM 26.2 25.4 7.1 7.4 0.3 1.1 0.070
1:07:55 PM 26.2 25.4 7.1 7.4 0.3 1.1 0.070
1:08:55 PM 26.2 25.4 7.1 7.5 0.4 1.1 0.093
1:09:55 PM 26.2 25.4 7.0 7.5 0.5 1.2 0.116
1:10:55 PM 26.2 25.4 7.0 7.4 0.4 1.2 0.093
1:11:55 PM 26.2 25.4 7.1 7.5 0.4 1.1 0.093
1:12:55 PM 26.2 25.4 7.0 7.5 0.5 1.2 0.116
1:13:55 PM 26.2 25.4 7.0 7.5 0.5 1.2 0.116
1:23:55 PM 26.2 25.4 7.2 7.6 0.4 1.0 0.093
6:00 PM 20.06 7.46 161.34




Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
1:15:55 PM 26.2 25.4 7.1 7.5 0.4 1.1 0.093
1:16:55 PM 26.2 25.4 7.0 7.5 0.5 1.2 0.116
1:17:55 PM 26.2 25.4 7.1 7.5 0.4 1.1 0.093
1:18:55 PM 26.2 25.4 7.1 7.5 0.4 1.1 0.093
1:19:55 PM 26.2 25.4 7.2 7.5 0.3 1.0 0.070
1:20:55 PM 26.2 25.4 7.2 7.5 0.3 1.0 0.070
1:21:55 PM 26.2 25.4 7.2 7.5 0.3 1.0 0.070









4:00 PM 20.06 7.34 163.98
4:45 PM 20.06 7.30 164.88
5:30 PM 20.06 7.23 166.47
Lift 30.5 cm QL,ave  164.17 l min
‐1






Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
3:57:00 PM 26.8 25.7 8.2 8.2 0.0 0.0 0.000
3:58:00 PM 27.1 25.6 8.2 8.3 0.1 0.0 0.024
3:59:00 PM 27.0 25.5 8.2 8.3 0.1 0.0 0.024
4:00:00 PM 27.0 25.5 8.2 8.3 0.1 0.0 0.024
4:01:00 PM 26.9 25.5 8.2 8.3 0.1 0.0 0.024
4:02:00 PM 26.9 25.5 8.2 8.3 0.1 0.0 0.024




Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
4:04:00 PM 26.8 25.5 8.2 8.3 0.1 0.0 0.024
4:05:00 PM 26.8 25.5 8.2 8.3 0.1 0.0 0.024
4:06:00 PM 26.8 25.5 8.2 8.3 0.1 0.0 0.024
4:07:00 PM 26.7 25.5 8.2 8.3 0.1 0.0 0.024
4:08:00 PM 26.8 25.5 8.2 8.3 0.1 0.0 0.024
4:09:00 PM 26.7 25.5 8.2 8.3 0.1 0.0 0.024
4:10:00 PM 26.7 25.5 8.3 8.3 0.0 ‐0.1 0.000
4:11:00 PM 26.7 25.5 8.3 8.3 0.0 ‐0.1 0.000
4:12:00 PM 26.6 25.5 8.3 8.3 0.0 ‐0.1 0.000
4:13:00 PM 26.6 25.5 8.3 8.3 0.0 ‐0.1 0.000
4:14:00 PM 26.6 25.5 3.7 4.8 1.1 4.5 0.260
4:15:00 PM 26.6 25.5 0.2 0.6 0.4 8.0 0.095
4:16:00 PM 26.6 25.5 0.1 4.2 4.1 8.1 0.969
4:17:00 PM 26.5 25.5 0.1 1.3 1.2 8.1 0.284
4:18:00 PM 26.5 25.5 0.1 0.1 0.0 8.1 0.000
4:19:00 PM 26.6 25.5 0.1 0.3 0.2 8.1 0.047
4:20:01 PM 26.6 25.5 0.1 0.3 0.2 8.1 0.047
4:21:01 PM 26.5 25.5 0.1 0.0 ‐0.1 8.1 ‐0.024
4:22:01 PM 26.5 25.5 0.1 0.0 ‐0.1 8.1 ‐0.024
4:23:01 PM 26.5 25.5 0.1 0.0 ‐0.1 8.1 ‐0.024
4:24:01 PM 26.5 25.6 0.1 0.0 ‐0.1 8.1 ‐0.024
4:25:01 PM 26.5 25.6 0.2 0.0 ‐0.2 8.0 ‐0.047
4:26:01 PM 26.5 25.6 0.1 0.1 0.0 8.1 0.000
4:27:01 PM 26.5 25.5 0.2 0.0 ‐0.2 8.0 ‐0.047
4:28:01 PM 26.4 25.5 0.3 0.1 ‐0.2 7.9 ‐0.047
4:29:01 PM 26.4 25.6 0.4 0.1 ‐0.3 7.8 ‐0.071
4:30:01 PM 26.4 25.5 0.6 0.3 ‐0.3 7.6 ‐0.071
4:31:01 PM 26.4 25.5 0.6 0.4 ‐0.2 7.6 ‐0.047
4:32:01 PM 26.5 25.6 0.7 0.6 ‐0.1 7.5 ‐0.024
4:33:01 PM 26.5 25.5 0.8 0.7 ‐0.1 7.4 ‐0.024
4:34:01 PM 26.4 25.6 0.9 0.8 ‐0.1 7.3 ‐0.024
4:35:01 PM 26.4 25.6 1.0 1.0 0.0 7.2 0.000
4:36:01 PM 26.4 25.6 1.1 1.0 ‐0.1 7.1 ‐0.024
4:37:01 PM 26.4 25.6 1.2 1.2 0.0 7.0 0.000
5:12:02 PM 26.3 25.6 4.0 4.8 0.8 4.2 0.189




Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
4:39:01 PM 26.4 25.6 1.4 1.5 0.1 6.8 0.024
4:40:01 PM 26.4 25.6 1.5 1.7 0.2 6.7 0.047
4:41:01 PM 26.3 25.6 1.6 1.8 0.2 6.6 0.047
4:42:01 PM 26.4 25.6 1.7 2.0 0.3 6.5 0.071
4:43:01 PM 26.3 25.6 1.9 2.1 0.2 6.3 0.047
4:44:01 PM 26.4 25.6 1.9 2.3 0.4 6.3 0.095
4:45:01 PM 26.3 25.6 2.1 2.4 0.3 6.1 0.071
4:46:01 PM 26.4 25.6 2.1 2.5 0.4 6.1 0.095
4:47:01 PM 26.3 25.6 2.2 2.6 0.4 6.0 0.095
4:48:01 PM 26.3 25.6 2.3 2.7 0.4 5.9 0.095
4:49:01 PM 26.3 25.6 2.4 2.8 0.4 5.8 0.095
4:50:01 PM 26.4 25.6 2.5 2.9 0.4 5.7 0.095
4:51:03 PM 26.3 25.6 2.6 3.1 0.5 5.6 0.118
4:52:03 PM 26.3 25.6 2.7 3.2 0.5 5.5 0.118
4:53:02 PM 26.3 25.6 2.7 2.9 0.2 5.5 0.047
4:54:02 PM 26.3 25.6 2.7 3.2 0.5 5.5 0.118
4:55:02 PM 26.4 25.6 2.8 3.3 0.5 5.4 0.118
4:56:02 PM 26.3 25.6 2.8 3.4 0.6 5.4 0.142
4:57:02 PM 26.4 25.6 3.0 3.5 0.5 5.2 0.118
4:58:02 PM 26.3 25.6 3.0 3.6 0.6 5.2 0.142
4:59:02 PM 26.3 25.6 3.1 3.7 0.6 5.1 0.142
5:00:02 PM 26.3 25.6 3.1 3.8 0.7 5.1 0.165
5:01:02 PM 26.3 25.6 3.2 3.8 0.6 5.0 0.142
5:02:02 PM 26.3 25.6 3.2 3.9 0.7 5.0 0.165
5:03:02 PM 26.3 25.6 3.4 4.1 0.7 4.8 0.165
5:04:02 PM 26.3 25.6 3.3 4.1 0.8 4.9 0.189
5:05:02 PM 26.3 25.6 3.5 4.2 0.7 4.7 0.165
5:06:02 PM 26.3 25.6 3.5 4.3 0.8 4.7 0.189
5:07:02 PM 26.4 25.6 3.7 4.4 0.7 4.5 0.165
5:08:02 PM 26.4 25.6 3.7 4.4 0.7 4.5 0.165
5:09:03 PM 26.4 25.6 3.7 4.5 0.8 4.5 0.189
5:10:02 PM 26.4 25.6 3.9 4.6 0.7 4.3 0.165
5:11:02 PM 26.4 25.6 4.0 4.7 0.7 4.2 0.165
5:47:05 PM 26.3 25.6 5.7 6.3 0.6 2.5 0.142




Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O  day‐1]2
5:14:02 PM 26.3 25.6 4.1 4.9 0.8 4.1 0.189
5:15:02 PM 26.3 25.6 4.2 5.0 0.8 4.0 0.189
5:16:02 PM 26.3 25.6 4.3 5.0 0.7 3.9 0.165
5:17:02 PM 26.2 25.6 4.3 5.1 0.8 3.9 0.189
5:18:03 PM 26.3 25.6 4.4 5.1 0.7 3.8 0.165
5:19:02 PM 26.3 25.6 4.4 5.2 0.8 3.8 0.189
5:20:04 PM 26.3 25.6 4.5 5.2 0.7 3.7 0.165
5:21:04 PM 26.3 25.6 4.6 5.3 0.7 3.6 0.165
5:22:04 PM 26.3 25.6 4.7 5.4 0.7 3.5 0.165
5:23:04 PM 26.3 25.6 4.7 5.4 0.7 3.5 0.165
5:24:04 PM 26.3 25.6 4.8 5.4 0.6 3.4 0.142
5:25:04 PM 26.3 25.6 4.8 5.5 0.7 3.4 0.165
5:26:04 PM 26.3 25.6 4.9 5.6 0.7 3.3 0.165
5:27:04 PM 26.3 25.6 4.9 5.6 0.7 3.3 0.165
5:28:04 PM 26.3 25.6 5.0 5.7 0.7 3.2 0.165
5:29:04 PM 26.3 25.6 5.1 5.7 0.6 3.1 0.142
5:30:04 PM 26.3 25.6 5.1 5.8 0.7 3.1 0.165
5:31:04 PM 26.3 25.6 5.2 5.8 0.6 3.0 0.142
5:32:04 PM 26.3 25.6 5.2 5.9 0.7 3.0 0.165
5:33:04 PM 26.3 25.6 5.3 5.9 0.6 2.9 0.142
5:34:04 PM 26.3 25.6 5.2 5.8 0.6 3.0 0.142
5:35:04 PM 26.3 25.6 5.1 5.8 0.7 3.1 0.165
5:36:04 PM 26.3 25.6 5.2 5.9 0.7 3.0 0.165
5:37:04 PM 26.3 25.6 5.2 5.9 0.7 3.0 0.165
5:38:04 PM 26.3 25.6 5.3 5.9 0.6 2.9 0.142
5:39:04 PM 26.3 25.6 5.3 6.0 0.7 2.9 0.165
5:40:04 PM 26.3 25.6 5.4 6.0 0.6 2.8 0.142
5:41:04 PM 26.3 25.6 5.5 6.1 0.6 2.7 0.142
5:42:04 PM 26.3 25.6 5.5 6.1 0.6 2.7 0.142
5:43:04 PM 26.3 25.6 5.5 6.1 0.6 2.7 0.142
5:44:04 PM 26.3 25.6 5.7 6.2 0.5 2.5 0.118
5:45:04 PM 26.3 25.6 5.6 6.2 0.6 2.6 0.142
5:46:04 PM 26.3 25.6 5.7 6.3 0.6 2.5 0.142
6:22:06 PM 26.4 25.6 7.0 7.2 0.2 1.2 0.047




Temperature [°C] [mg l‐1] C  ‐ C C OTR out t
[mg l‐1]
deficit
[mg l‐1] [kg O  day‐1]Time Inlet  Outlet Inlet  Outlet 2
5:49:05 PM 26.3 25.6 5.8 6.4 0.6 2.4 0.142
5:50:05 PM 26.3 25.6 5.8 6.4 0.6 2.4 0.142
5:51:05 PM 26.3 25.6 6.0 6.5 0.5 2.2 0.118
5:52:05 PM 26.3 25.6 6.0 6.4 0.4 2.2 0.095
5:53:05 PM 26.3 25.6 6.0 6.5 0.5 2.2 0.118
5:54:05 PM 26.3 25.6 6.0 6.5 0.5 2.2 0.118
5:55:05 PM 26.3 25.6 6.1 6.5 0.4 2.1 0.095
5:56:05 PM 26.3 25.6 6.1 6.6 0.5 2.1 0.118
5:57:05 PM 26.3 25.6 6.2 6.6 0.4 2.0 0.095
5:58:05 PM 26.3 25.6 6.2 6.6 0.4 2.0 0.095
5:59:05 PM 26.3 25.6 6.3 6.7 0.4 1.9 0.095
6:00:05 PM 26.3 25.6 6.2 6.7 0.5 2.0 0.118
6:01:05 PM 26.3 25.6 6.3 6.7 0.4 1.9 0.095
6:02:05 PM 26.3 25.6 6.3 6.8 0.5 1.9 0.118
6:03:05 PM 26.3 25.6 6.4 6.8 0.4 1.8 0.095
6:04:05 PM 26.3 25.6 6.4 6.8 0.4 1.8 0.095
6:05:05 PM 26.3 25.6 6.5 6.9 0.4 1.7 0.095
6:06:05 PM 26.3 25.6 6.6 6.9 0.3 1.6 0.071
6:07:05 PM 26.3 25.6 6.5 6.9 0.4 1.7 0.095
6:08:05 PM 26.3 25.6 6.6 6.9 0.3 1.6 0.071
6:09:05 PM 26.3 25.6 6.6 7.0 0.4 1.6 0.095
6:10:05 PM 26.3 25.6 6.6 7.0 0.4 1.6 0.095
6:11:05 PM 26.3 25.6 6.7 7.0 0.3 1.5 0.071
6:12:05 PM 26.3 25.6 6.7 7.0 0.3 1.5 0.071
6:13:06 PM 26.3 25.6 6.7 7.0 0.3 1.5 0.071
6:14:06 PM 26.3 25.6 6.8 7.1 0.3 1.4 0.071
6:15:06 PM 26.4 25.6 6.8 7.1 0.3 1.4 0.071
6:16:06 PM 26.3 25.6 6.8 7.1 0.3 1.4 0.071
6:17:06 PM 26.3 25.6 6.8 7.1 0.3 1.4 0.071
6:18:06 PM 26.3 25.6 6.8 7.2 0.4 1.4 0.095
6:19:06 PM 26.4 25.6 6.9 7.2 0.3 1.3 0.071
6:20:06 PM 26.3 25.6 6.9 7.2 0.3 1.3 0.071
6:21:06 PM 26.3 25.6 6.9 7.2 0.3 1.3 0.071
6:57:08 PM 26.3 25.6 7.6 7.7 0.1 0.6 0.024











Time Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg O2 day ]
6:24:06 PM 26.4 25.6 7.0 7.3 0.3 1.2 0.071
6:25:06 PM 26.3 25.6 7.0 7.3 0.3 1.2 0.071
6:26:06 PM 26.3 25.6 7.1 7.3 0.2 1.1 0.047
6:27:06 PM 26.3 25.6 7.1 7.3 0.2 1.1 0.047
6:28:06 PM 26.3 25.6 7.1 7.3 0.2 1.1 0.047
6:29:06 PM 26.4 25.6 7.1 7.4 0.3 1.1 0.071
6:30:06 PM 26.3 25.6 7.2 7.4 0.2 1.0 0.047
6:31:06 PM 26.3 25.6 7.1 7.4 0.3 1.1 0.071
6:32:07 PM 26.4 25.6 7.2 7.4 0.2 1.0 0.047
6:33:06 PM 26.3 25.6 7.2 7.4 0.2 1.0 0.047
6:34:07 PM 26.3 25.6 7.2 7.4 0.2 1.0 0.047
6:35:06 PM 26.3 25.6 7.2 7.4 0.2 1.0 0.047
6:36:06 PM 26.4 25.6 7.2 7.5 0.3 1.0 0.071
6:37:06 PM 26.4 25.6 7.2 7.5 0.3 1.0 0.071
6:38:07 PM 26.4 25.6 7.3 7.5 0.2 0.9 0.047
6:39:07 PM 26.3 25.6 7.3 7.5 0.2 0.9 0.047
6:40:07 PM 26.3 25.6 7.3 7.5 0.2 0.9 0.047
6:41:07 PM 26.4 25.6 7.3 7.5 0.2 0.9 0.047
6:42:08 PM 26.3 25.6 7.4 7.6 0.2 0.8 0.047
6:43:07 PM 26.3 25.6 7.4 7.6 0.2 0.8 0.047
6:44:08 PM 26.3 25.6 7.4 7.6 0.2 0.8 0.047
6:45:07 PM 26.4 25.6 7.4 7.6 0.2 0.8 0.047
6:46:08 PM 26.3 25.6 7.4 7.6 0.2 0.8 0.047
6:47:08 PM 26.3 25.6 7.5 7.6 0.1 0.7 0.024
6:48:07 PM 26.4 25.6 7.5 7.6 0.1 0.7 0.024
6:49:08 PM 26.3 25.6 7.5 7.7 0.2 0.7 0.047
6:50:07 PM 26.3 25.6 7.5 7.7 0.2 0.7 0.047
6:51:08 PM 26.3 25.6 7.5 7.7 0.2 0.7 0.047
6:52:07 PM 26.3 25.6 7.5 7.7 0.2 0.7 0.047
6:53:08 PM 26.3 25.6 7.5 7.7 0.2 0.7 0.047
6:54:07 PM 26.3 25.6 7.6 7.7 0.1 0.6 0.024
6:55:08 PM 26.3 25.6 7.6 7.7 0.1 0.6 0.024
6:56:08 PM 26.3 25.6 7.6 7.7 0.1 0.6 0.024
10.2 2 30.5 OTR = 0.0617*Cdeficit 0.920
10.2 3 30.5 OTR = 0.0479*C 0.958
Ave 0.016 0.019 0.014 0.016 0.0550 0.0637





Air‐lift [cm] Trial  Lift [cm]  Cfor deficit equations





‐1 ‐1KLa [min ] KLa20 [min ] SOTR [kg hr ]
Air‐lift [cm] Trial  Inlet Outlet Inlet Outlet Inlet Outlet
10.2 1 0.015 0.019 0.013 0.016 0.0504 0.0625
10.2 2 0.016 0.019 0.014 0.016 0.0559 0.0648












2:15 PM 20.06 3.68 327.07
2:45 PM 20.06 3.44 349.88
3:15 PM 20.06 3.43 350.90
Lift 30.5 cm QL,ave  342.62 l min
‐1







[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
2:14:40 PM 26.2 26.4 8.2 8.2 0.0 ‐0.1 0.000
2:15:40 PM 26.2 26.4 8.2 8.2 0.0 ‐0.1 0.000
2:16:40 PM 26.2 26.4 8.2 8.2 0.0 ‐0.1 0.000
2:17:40 PM 26.2 26.4 8.2 8.2 0.0 ‐0.1 0.000
2:18:40 PM 26.2 26.5 7.3 2.5 ‐4.8 0.8 ‐2.368
2:19:40 PM 26.3 26.5 1.6 0.3 ‐1.3 6.5 ‐0.641
2:20:40 PM 26.3 26.5 1.0 0.2 ‐0.8 7.1 ‐0.395
2:21:40 PM 26.3 26.5 0.6 0.2 ‐0.4 7.5 ‐0.197
2:22:40 PM 26.3 26.5 0.3 0.1 ‐0.2 7.8 ‐0.099
2:23:40 PM 26.3 26.5 0.1 0.1 0.0 8.0 0.000
2:24:40 PM 26.3 26.5 0.1 0.4 0.3 8.0 0.148
2:25:40 PM 26.3 26.5 0.2 0.9 0.7 7.9 0.345
2:26:40 PM 26.3 26.5 0.3 1.1 0.8 7.8 0.395
2:27:40 PM 26.3 26.5 0.5 1.4 0.9 7.6 0.444
2:28:40 PM 26.3 26.5 0.7 1.6 0.9 7.4 0.444
2:29:40 PM 26.3 26.5 0.8 1.9 1.1 7.3 0.543
2:30:40 PM 26.3 26.5 1.0 2.1 1.1 7.1 0.543
2:31:40 PM 26.3 26.5 1.3 2.3 1.0 6.8 0.493





[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
2:33:40 PM 26.3 26.5 1.7 2.7 1.0 6.4 0.493
2:34:40 PM 26.3 26.5 2.0 2.9 0.9 6.1 0.444
2:35:40 PM 26.3 26.5 2.1 3.1 1.0 6.0 0.493
2:36:40 PM 26.3 26.5 2.3 3.3 1.0 5.8 0.493
2:37:40 PM 26.3 26.5 2.5 3.5 1.0 5.6 0.493
2:38:40 PM 26.3 26.5 2.7 3.6 0.9 5.4 0.444
2:39:40 PM 26.3 26.5 2.9 3.8 0.9 5.2 0.444
2:40:40 PM 26.3 26.5 3.1 4.0 0.9 5.0 0.444
2:41:40 PM 26.3 26.5 3.2 4.1 0.9 4.9 0.444
2:42:40 PM 26.3 26.5 3.4 4.3 0.9 4.7 0.444
2:43:40 PM 26.3 26.5 3.6 4.4 0.8 4.5 0.395
2:44:41 PM 26.3 26.5 3.7 4.4 0.7 4.4 0.345
2:45:41 PM 26.3 26.5 3.9 4.6 0.7 4.2 0.345
2:46:41 PM 26.3 26.5 4.1 4.8 0.7 4.0 0.345
2:47:41 PM 26.3 26.5 4.3 4.9 0.6 3.8 0.296
2:48:41 PM 26.3 26.5 4.5 5.0 0.5 3.6 0.247
2:49:41 PM 26.3 26.5 4.5 5.1 0.6 3.6 0.296
2:50:41 PM 26.3 26.5 4.7 5.2 0.5 3.4 0.247
2:51:41 PM 26.3 26.5 4.8 5.3 0.5 3.3 0.247
2:52:41 PM 26.3 26.5 4.9 5.4 0.5 3.2 0.247
2:53:41 PM 26.3 26.5 5.0 5.5 0.5 3.1 0.247
2:54:41 PM 26.3 26.5 5.1 5.6 0.5 3.0 0.247
2:55:41 PM 26.3 26.5 5.2 5.7 0.5 2.9 0.247
2:56:41 PM 26.3 26.5 5.3 5.8 0.5 2.8 0.247
2:57:41 PM 26.3 26.5 5.4 5.8 0.4 2.7 0.197
2:58:41 PM 26.3 26.5 5.5 5.9 0.4 2.6 0.197
2:59:41 PM 26.3 26.5 5.6 6.0 0.4 2.5 0.197
3:00:41 PM 26.3 26.5 5.7 6.1 0.4 2.4 0.197
3:01:41 PM 26.3 26.5 5.7 6.2 0.5 2.4 0.247
3:02:41 PM 26.3 26.5 5.9 6.2 0.3 2.2 0.148
3:03:41 PM 26.3 26.5 5.9 6.3 0.4 2.2 0.197
3:04:41 PM 26.3 26.5 6.0 6.4 0.4 2.1 0.197
3:05:41 PM 26.3 26.5 6.1 6.4 0.3 2.0 0.148
3:06:41 PM 26.3 26.5 6.1 6.5 0.4 2.0 0.197





[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
3:08:41 PM 26.3 26.5 6.3 6.6 0.3 1.8 0.148
3:09:41 PM 26.3 26.5 6.4 6.7 0.3 1.7 0.148
3:10:41 PM 26.3 26.5 6.4 6.7 0.3 1.7 0.148
3:11:41 PM 26.3 26.5 6.5 6.7 0.2 1.6 0.099
3:12:41 PM 26.3 26.5 6.5 6.8 0.3 1.6 0.148
3:13:41 PM 26.3 26.5 6.6 6.9 0.3 1.5 0.148
3:14:42 PM 26.3 26.5 6.6 6.9 0.3 1.5 0.148
3:15:42 PM 26.3 26.5 6.7 7.0 0.3 1.4 0.148
3:16:42 PM 26.3 26.5 6.8 7.0 0.2 1.3 0.099
3:17:42 PM 26.3 26.5 6.8 7.0 0.2 1.3 0.099
3:18:42 PM 26.3 26.5 6.8 7.0 0.2 1.3 0.099
3:19:42 PM 26.3 26.5 6.9 7.1 0.2 1.2 0.099
3:20:42 PM 26.3 26.5 6.9 7.1 0.2 1.2 0.099
3:21:42 PM 26.3 26.5 6.9 7.1 0.2 1.2 0.099
3:22:42 PM 26.3 26.5 7.0 7.2 0.2 1.1 0.099
3:23:42 PM 26.3 26.5 7.1 7.2 0.1 1.0 0.049
3:24:42 PM 26.3 26.5 7.1 7.3 0.2 1.0 0.099
3:25:42 PM 26.3 26.5 7.1 7.3 0.2 1.0 0.099
3:26:42 PM 26.3 26.5 7.2 7.3 0.1 0.9 0.049
3:27:42 PM 26.3 26.5 7.2 7.3 0.1 0.9 0.049
3:28:42 PM 26.3 26.5 7.2 7.4 0.2 0.9 0.099
3:29:42 PM 26.3 26.5 7.3 7.4 0.1 0.8 0.049
3:30:42 PM 26.3 26.5 7.3 7.4 0.1 0.8 0.049
3:31:42 PM 26.4 26.5 7.3 7.5 0.2 0.8 0.099
3:32:42 PM 26.4 26.5 7.3 7.5 0.2 0.8 0.099
3:33:42 PM 26.3 26.5 7.4 7.5 0.1 0.7 0.049
3:34:42 PM 26.4 26.5 7.4 7.5 0.1 0.7 0.049
3:35:42 PM 26.4 26.5 7.4 7.6 0.2 0.7 0.099
3:36:42 PM 26.4 26.5 7.4 7.6 0.2 0.7 0.099
3:37:42 PM 26.4 26.5 7.5 7.6 0.1 0.6 0.049
3:38:42 PM 26.4 26.5 7.5 7.6 0.1 0.6 0.049
3:39:42 PM 26.4 26.5 7.5 7.6 0.1 0.6 0.049
3:40:42 PM 26.4 26.5 7.5 7.7 0.2 0.6 0.099











12:00 PM 20.06 3.50 343.89
12:15 PM 20.06 3.62 332.49
1:15 PM 20.06 3.56 338.09
Lift 30.5 cm QL,ave  338.15 l min
‐1







[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
11:57:55 AM 26.8 25 8.2 8.4 0.2 0.0 0.097
11:58:25 AM 26.8 25 8.2 8.4 0.2 0.0 0.097
11:58:55 AM 26.8 25 8.2 8.4 0.2 0.0 0.097
11:59:25 AM 26.7 25 8.2 8.4 0.2 0.0 0.097
11:59:55 AM 26.7 25 8.2 8.4 0.2 0.0 0.097
12:00:25 PM 26.8 25 0.4 7.4 7.0 7.8 3.409
12:00:55 PM 26.7 25 0.2 6.3 6.1 8.0 2.970
12:01:25 PM 26.7 25 0.2 3.7 3.5 8.0 1.704
12:01:55 PM 26.7 25 0.9 1.3 0.4 7.3 0.195
12:02:25 PM 26.7 25 2.9 0.5 ‐2.4 5.3 ‐1.169
12:02:55 PM 26.7 25 2.0 0.2 ‐1.8 6.2 ‐0.876
12:03:25 PM 26.7 25 0.1 0.3 0.2 8.1 0.097
12:03:55 PM 26.7 25 0.1 0.5 0.4 8.1 0.195
12:04:25 PM 26.7 25 0.1 0.5 0.4 8.1 0.195
12:04:55 PM 26.7 25 0.1 0.2 0.1 8.1 0.049
12:05:25 PM 26.7 25 0.1 0.3 0.2 8.1 0.097
12:05:55 PM 26.7 25 0.1 0.3 0.2 8.1 0.097
12:06:25 PM 26.6 25 0.4 0.0 ‐0.4 7.8 ‐0.195
12:06:55 PM 26.7 25 0.8 0.0 ‐0.8 7.4 ‐0.390
12:07:26 PM 26.6 25 0.3 0.1 ‐0.2 7.9 ‐0.097
12:07:55 PM 26.6 25 0.3 0.2 ‐0.1 7.9 ‐0.049
12:08:25 PM 26.6 25 0.2 0.3 0.1 8.0 0.049
12:08:56 PM 26.6 25 0.4 0.4 0.0 7.8 0.000
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[mg l‐1] C  ‐ C C OTR 





12:09:25 PM 26.6 25 0.5 0.5 0.0 7.7 0.000
12:09:55 PM 26.6 25 0.5 0.4 ‐0.1 7.7 ‐0.049
12:10:25 PM 26.6 25 0.4 0.4 0.0 7.8 0.000
12:10:55 PM 26.6 25 0.5 0.6 0.1 7.7 0.049
12:11:25 PM 26.6 25 0.4 0.8 0.4 7.8 0.195
12:11:55 PM 26.5 25 0.4 0.9 0.5 7.8 0.243
12:12:27 PM 26.5 25 0.4 1.1 0.7 7.8 0.341
12:12:57 PM 26.6 25 0.4 1.3 0.9 7.8 0.438
12:13:27 PM 26.5 25 0.5 1.5 1.0 7.7 0.487
12:13:57 PM 26.5 25 0.5 1.6 1.1 7.7 0.536
12:14:27 PM 26.5 25 0.6 1.8 1.2 7.6 0.584
12:14:57 PM 26.5 25 0.7 1.9 1.2 7.5 0.584
12:15:27 PM 26.5 25 0.8 2.0 1.2 7.4 0.584
12:15:57 PM 26.5 25 0.9 2.1 1.2 7.3 0.584
12:16:27 PM 26.5 25 1.1 2.3 1.2 7.1 0.584
12:16:57 PM 26.5 25 1.2 2.4 1.2 7.0 0.584
12:17:27 PM 26.5 25 1.3 2.4 1.1 6.9 0.536
12:17:57 PM 26.5 25 1.4 2.6 1.2 6.8 0.584
12:18:27 PM 26.5 25 1.5 2.9 1.4 6.7 0.682
12:18:57 PM 26.4 25 1.7 2.9 1.2 6.5 0.584
12:19:27 PM 26.4 25 1.8 3.0 1.2 6.4 0.584
12:19:57 PM 26.4 25 1.9 3.1 1.2 6.3 0.584
12:20:27 PM 26.4 25 2.0 3.2 1.2 6.2 0.584
12:20:57 PM 26.4 25 2.2 3.3 1.1 6.0 0.536
12:21:27 PM 26.4 25 2.3 3.4 1.1 5.9 0.536
12:21:57 PM 26.4 25 2.4 3.6 1.2 5.8 0.584
12:22:27 PM 26.4 25 2.5 3.7 1.2 5.7 0.584
12:22:57 PM 26.4 25 2.6 3.8 1.2 5.6 0.584
12:23:27 PM 26.4 25 2.7 3.9 1.2 5.5 0.584
12:23:57 PM 26.4 25 2.8 3.9 1.1 5.4 0.536
12:24:27 PM 26.4 25 2.9 4.0 1.1 5.3 0.536
12:24:57 PM 26.4 25 3.1 4.1 1.0 5.1 0.487
12:25:27 PM 26.4 25 3.2 4.2 1.0 5.0 0.487
12:25:57 PM 26.4 25 3.3 4.3 1.0 4.9 0.487











[kg O  day‐1]Time Inlet  Outlet Inlet  Outlet 2
12:26:57 PM 26.4 25 3.4 4.4 1.0 4.8 0.487
12:27:28 PM 26.4 25 3.6 4.5 0.9 4.6 0.438
12:27:58 PM 26.4 25 3.6 4.6 1.0 4.6 0.487
12:28:28 PM 26.4 25 3.7 4.6 0.9 4.5 0.438
12:28:58 PM 26.4 25 3.8 4.6 0.8 4.4 0.390
12:29:28 PM 26.4 25 3.9 4.7 0.8 4.3 0.390
12:29:58 PM 26.4 25 4.0 4.8 0.8 4.2 0.390
12:30:28 PM 26.4 25 4.1 4.9 0.8 4.1 0.390
12:30:58 PM 26.3 25 4.2 4.9 0.7 4.0 0.341
12:31:28 PM 26.4 25 4.2 5.0 0.8 4.0 0.390
12:31:58 PM 26.4 25 4.3 5.1 0.8 3.9 0.390
12:32:28 PM 26.4 25 4.4 5.2 0.8 3.8 0.390
12:32:58 PM 26.4 25 4.5 5.2 0.7 3.7 0.341
12:33:28 PM 26.3 25 4.6 5.3 0.7 3.6 0.341
12:33:58 PM 26.3 25 4.6 5.4 0.8 3.6 0.390
12:34:28 PM 26.3 25 4.7 5.4 0.7 3.5 0.341
12:34:58 PM 26.3 25 4.8 5.4 0.6 3.4 0.292
12:35:28 PM 26.3 25 4.8 5.5 0.7 3.4 0.341
12:35:58 PM 26.4 25 4.9 5.6 0.7 3.3 0.341
12:36:28 PM 26.3 25 5.0 5.6 0.6 3.2 0.292
12:36:58 PM 26.4 25 5.0 5.7 0.7 3.2 0.341
12:37:28 PM 26.4 25 5.1 5.7 0.6 3.1 0.292
12:37:58 PM 26.3 25 5.2 5.8 0.6 3.0 0.292
12:38:28 PM 26.3 25 5.2 5.9 0.7 3.0 0.341
12:38:58 PM 26.3 25 5.3 5.9 0.6 2.9 0.292
12:39:28 PM 26.3 25 5.3 5.9 0.6 2.9 0.292
12:39:58 PM 26.3 25 5.4 6.0 0.6 2.8 0.292
12:40:28 PM 26.3 25 5.4 6.0 0.6 2.8 0.292
12:40:58 PM 26.3 25 5.5 6.0 0.5 2.7 0.243
12:41:30 PM 26.3 25 5.6 6.1 0.5 2.6 0.243
12:41:59 PM 26.3 25 5.6 6.2 0.6 2.6 0.292
12:42:30 PM 26.3 25 5.7 6.2 0.5 2.5 0.243
12:42:59 PM 26.3 25 5.7 6.3 0.6 2.5 0.292
12:43:30 PM 26.3 25 5.7 6.3 0.6 2.5 0.292










Time Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg O2 day ]
12:44:30 PM 26.3 25 5.9 6.3 0.4 2.3 0.195
12:45:00 PM 26.3 25 5.9 6.4 0.5 2.3 0.243
12:45:29 PM 26.3 25 6.0 6.4 0.4 2.2 0.195
12:46:00 PM 26.3 25 6.0 6.5 0.5 2.2 0.243
12:46:29 PM 26.3 25 6.0 6.5 0.5 2.2 0.243
12:47:00 PM 26.3 25 6.1 6.5 0.4 2.1 0.195
12:47:29 PM 26.2 25 6.1 6.6 0.5 2.1 0.243
12:48:00 PM 26.3 25 6.2 6.6 0.4 2.0 0.195
12:48:29 PM 26.3 25 6.2 6.6 0.4 2.0 0.195
12:49:00 PM 26.3 25 6.2 6.7 0.5 2.0 0.243
12:49:29 PM 26.2 25 6.3 6.7 0.4 1.9 0.195
12:50:00 PM 26.2 25 6.4 6.7 0.3 1.8 0.146
12:50:29 PM 26.3 25.1 6.4 6.8 0.4 1.8 0.195
12:51:00 PM 26.3 25.1 6.4 6.8 0.4 1.8 0.195
12:51:29 PM 26.3 25.1 6.5 6.8 0.3 1.7 0.146
12:52:00 PM 26.2 25.1 6.5 6.9 0.4 1.7 0.195
12:52:30 PM 26.2 25.1 6.5 6.9 0.4 1.7 0.195
12:52:59 PM 26.3 25.1 6.6 6.9 0.3 1.6 0.146
12:53:30 PM 26.3 25.1 6.6 7.0 0.4 1.6 0.195
12:53:59 PM 26.3 25.1 6.6 7.0 0.4 1.6 0.195
12:54:31 PM 26.3 25.1 6.7 7.0 0.3 1.5 0.146
12:55:01 PM 26.3 25.1 6.7 7.0 0.3 1.5 0.146
12:55:31 PM 26.3 25.1 6.7 7.0 0.3 1.5 0.146
12:56:01 PM 26.3 25.1 6.8 7.1 0.3 1.4 0.146
12:56:31 PM 26.2 25.1 6.8 7.1 0.3 1.4 0.146
12:57:01 PM 26.2 25.1 6.8 7.1 0.3 1.4 0.146
12:57:31 PM 26.3 25.1 6.8 7.2 0.4 1.4 0.195
12:58:01 PM 26.2 25.1 6.9 7.2 0.3 1.3 0.146
12:58:31 PM 26.3 25.1 6.9 7.2 0.3 1.3 0.146
12:59:01 PM 26.3 25.1 6.9 7.2 0.3 1.3 0.146
12:59:31 PM 26.3 25.1 7.0 7.2 0.2 1.2 0.097
1:00:01 PM 26.2 25.1 7.0 7.3 0.3 1.2 0.146
1:00:31 PM 26.3 25.1 7.0 7.3 0.3 1.2 0.146
1:01:01 PM 26.2 25.1 7.0 7.3 0.3 1.2 0.146
1:18:32 PM 26.2 25.1 7.7 7.8 0.1 0.5 0.049
15.2 cm air‐lift_Trial 2_7/22/2007 (continued)
Dissolved Oxygen 






Time Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg O2 day ]
1:02:01 PM 26.2 25.1 7.1 7.3 0.2 1.1 0.097
1:02:31 PM 26.3 25.1 7.1 7.4 0.3 1.1 0.146
1:03:01 PM 26.2 25.1 7.1 7.4 0.3 1.1 0.146
1:03:31 PM 26.2 25.1 7.2 7.4 0.2 1.0 0.097
1:04:01 PM 26.2 25.1 7.2 7.4 0.2 1.0 0.097
1:04:31 PM 26.2 25.1 7.2 7.4 0.2 1.0 0.097
1:05:01 PM 26.2 25.1 7.2 7.5 0.3 1.0 0.146
1:05:31 PM 26.2 25.1 7.3 7.5 0.2 0.9 0.097
1:06:01 PM 26.2 25.1 7.3 7.5 0.2 0.9 0.097
1:06:31 PM 26.2 25.1 7.3 7.5 0.2 0.9 0.097
1:07:01 PM 26.2 25.1 7.3 7.5 0.2 0.9 0.097
1:07:32 PM 26.2 25.1 7.3 7.5 0.2 0.9 0.097
1:08:02 PM 26.2 25.1 7.4 7.6 0.2 0.8 0.097
1:08:32 PM 26.2 25.1 7.4 7.6 0.2 0.8 0.097
1:09:02 PM 26.2 25.1 7.4 7.6 0.2 0.8 0.097
1:09:32 PM 26.2 25.1 7.4 7.6 0.2 0.8 0.097
1:10:02 PM 26.2 25.1 7.4 7.6 0.2 0.8 0.097
1:10:32 PM 26.2 25.1 7.5 7.6 0.1 0.7 0.049
1:11:02 PM 26.2 25.1 7.5 7.7 0.2 0.7 0.097
1:11:32 PM 26.2 25.1 7.5 7.7 0.2 0.7 0.097
1:12:02 PM 26.2 25.1 7.5 7.7 0.2 0.7 0.097
1:12:32 PM 26.2 25.1 7.5 7.7 0.2 0.7 0.097
1:13:02 PM 26.2 25.1 7.6 7.7 0.1 0.6 0.049
1:13:32 PM 26.2 25.1 7.6 7.7 0.1 0.6 0.049
1:14:02 PM 26.2 25.1 7.6 7.7 0.1 0.6 0.049
1:14:32 PM 26.2 25.1 7.6 7.7 0.1 0.6 0.049
1:15:02 PM 26.2 25.1 7.6 7.8 0.2 0.6 0.097
1:15:32 PM 26.2 25.1 7.6 7.8 0.2 0.6 0.097
1:16:02 PM 26.2 25.1 7.6 7.8 0.2 0.6 0.097
1:16:32 PM 26.2 25.1 7.7 7.8 0.1 0.5 0.049
1:17:02 PM 26.2 25.1 7.7 7.8 0.1 0.5 0.049
1:17:32 PM 26.2 25.1 7.7 7.8 0.1 0.5 0.049
1:18:02 PM 26.2 25.1 7.7 7.8 0.1 0.5 0.049
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3:15 PM 20.06 3.45 348.87











1:45 PM 20.06 3.62 332.49
2:15 PM 20.06 3.58 336.20
2:45 PM 20.06 3.60 334.33
Lift 30.5 cm QL,ave  337.97 l min
‐1






Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
1:51:05 PM 26.1 25.1 8.2 8.2 0.0 0.0 0.000
1:51:35 PM 26.1 25.1 8.2 8.2 0.0 0.0 0.000
1:52:05 PM 26.1 25.1 8.2 8.3 0.1 0.0 0.049
1:52:35 PM 26.1 25.1 8.2 8.2 0.0 0.0 0.000
1:53:05 PM 26.1 25.1 8.3 8.2 ‐0.1 ‐0.1 ‐0.049
1:53:35 PM 26.1 25.1 8.2 8.3 0.1 0.0 0.049
1:54:05 PM 26.1 25.1 0.3 8.3 8.0 7.9 3.893
1:54:35 PM 26.1 25.1 0.2 7.2 7.0 8.0 3.407
1:55:05 PM 26.1 25.1 0.1 4.6 4.5 8.1 2.190
1:55:35 PM 26.1 25.1 0.1 3.6 3.5 8.1 1.703
1:56:05 PM 26.1 25.1 0.1 3.4 3.3 8.1 1.606
1:56:35 PM 26.1 25.1 0.1 3.4 3.3 8.1 1.606
1:57:05 PM 26.1 25.1 0.1 2.9 2.8 8.1 1.363
1:57:35 PM 26.1 25.1 0.1 2.5 2.4 8.1 1.168
1:58:05 PM 26.1 25.1 0.1 2.7 2.6 8.1 1.265
1:58:35 PM 26.2 25.1 0.1 2.5 2.4 8.1 1.168
1:59:07 PM 26.2 25.1 0.1 2.3 2.2 8.1 1.071
1:59:37 PM 26.1 25.1 0.1 2.0 1.9 8.1 0.925
2:00:07 PM 26.2 25.1 0.1 1.0 0.9 8.1 0.438
2:00:37 PM 26.2 25.1 0.1 1.9 1.8 8.1 0.876
2:01:07 PM 26.1 25.2 0.1 1.4 1.3 8.1 0.633




Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
2:02:07 PM 26.1 25.2 0.1 0.1 0.0 8.1 0.000
2:02:37 PM 26.2 25.2 0.1 0.0 ‐0.1 8.1 ‐0.049
2:03:07 PM 26.1 25.2 0.1 0.0 ‐0.1 8.1 ‐0.049
2:03:37 PM 26.1 25.2 0.1 0.0 ‐0.1 8.1 ‐0.049
2:04:07 PM 26.1 25.2 0.1 0.0 ‐0.1 8.1 ‐0.049
2:04:37 PM 26.1 25.2 0.1 0.0 ‐0.1 8.1 ‐0.049
2:05:07 PM 26.1 25.2 0.1 0.0 ‐0.1 8.1 ‐0.049
2:05:37 PM 26.1 25.2 0.1 0.1 0.0 8.1 0.000
2:06:07 PM 26.1 25.2 0.1 0.2 0.1 8.1 0.049
2:06:37 PM 26.1 25.2 0.1 0.5 0.4 8.1 0.195
2:07:07 PM 26.1 25.2 0.1 0.8 0.7 8.1 0.341
2:07:37 PM 26.1 25.2 0.1 0.8 0.7 8.1 0.341
2:08:07 PM 26.2 25.2 0.1 0.9 0.8 8.1 0.389
2:08:38 PM 26.2 25.2 0.1 1.1 1.0 8.1 0.487
2:09:08 PM 26.1 25.2 0.2 1.3 1.1 8.0 0.535
2:09:38 PM 26.1 25.2 0.3 1.4 1.1 7.9 0.535
2:10:08 PM 26.1 25.2 0.3 1.5 1.2 7.9 0.584
2:10:38 PM 26.1 25.2 0.5 1.6 1.1 7.7 0.535
2:11:08 PM 26.1 25.2 0.6 1.8 1.2 7.6 0.584
2:11:38 PM 26.1 25.2 0.7 1.9 1.2 7.5 0.584
2:12:08 PM 26.1 25.2 0.9 2.1 1.2 7.3 0.584
2:12:38 PM 26.1 25.2 1.0 2.2 1.2 7.2 0.584
2:13:08 PM 26.1 25.2 1.1 2.3 1.2 7.1 0.584
2:13:38 PM 26.1 25.2 1.3 2.5 1.2 6.9 0.584
2:14:08 PM 26.1 25.2 1.4 2.6 1.2 6.8 0.584
2:14:38 PM 26.2 25.2 1.6 2.7 1.1 6.6 0.535
2:15:08 PM 26.2 25.2 1.7 2.8 1.1 6.5 0.535
2:15:38 PM 26.2 25.2 1.8 3.0 1.2 6.4 0.584
2:16:08 PM 26.2 25.2 2.0 3.1 1.1 6.2 0.535
2:16:38 PM 26.2 25.2 2.1 3.1 1.0 6.1 0.487
2:17:08 PM 26.2 25.2 2.2 3.2 1.0 6.0 0.487
2:17:38 PM 26.2 25.2 2.4 3.4 1.0 5.8 0.487
2:18:09 PM 26.2 25.2 2.6 3.4 0.8 5.6 0.389
2:18:39 PM 26.1 25.2 2.7 3.5 0.8 5.5 0.389




Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
2:19:39 PM 26.2 25.2 2.9 3.7 0.8 5.3 0.389
2:20:09 PM 26.2 25.2 3.0 3.8 0.8 5.2 0.389
2:20:39 PM 26.1 25.2 3.2 3.9 0.7 5.0 0.341
2:21:09 PM 26.2 25.2 3.2 3.9 0.7 5.0 0.341
2:21:39 PM 26.1 25.2 3.4 4.1 0.7 4.8 0.341
2:22:09 PM 26.1 25.2 3.4 4.2 0.8 4.8 0.389
2:22:39 PM 26.2 25.2 3.5 4.3 0.8 4.7 0.389
2:23:09 PM 26.2 25.2 3.6 4.4 0.8 4.6 0.389
2:23:39 PM 26.1 25.2 3.7 4.4 0.7 4.5 0.341
2:24:09 PM 26.1 25.2 3.8 4.5 0.7 4.4 0.341
2:24:39 PM 26.2 25.2 3.9 4.6 0.7 4.3 0.341
2:25:09 PM 26.2 25.2 4.0 4.7 0.7 4.2 0.341
2:25:39 PM 26.1 25.2 4.0 4.8 0.8 4.2 0.389
2:26:09 PM 26.2 25.2 4.1 4.8 0.7 4.1 0.341
2:26:39 PM 26.2 25.2 4.2 4.9 0.7 4.0 0.341
2:27:11 PM 26.2 25.2 4.3 4.9 0.6 3.9 0.292
2:27:41 PM 26.2 25.2 4.3 5.0 0.7 3.9 0.341
2:28:11 PM 26.2 25.2 4.4 5.1 0.7 3.8 0.341
2:28:41 PM 26.2 25.2 4.5 5.1 0.6 3.7 0.292
2:29:11 PM 26.2 25.2 4.6 5.2 0.6 3.6 0.292
2:29:41 PM 26.2 25.2 4.6 5.3 0.7 3.6 0.341
2:30:11 PM 26.1 25.2 4.7 5.4 0.7 3.5 0.341
2:30:41 PM 26.1 25.2 4.8 5.4 0.6 3.4 0.292
2:31:11 PM 26.1 25.2 4.9 5.4 0.5 3.3 0.243
2:31:41 PM 26.1 25.2 4.9 5.5 0.6 3.3 0.292
2:32:11 PM 26.1 25.2 5.0 5.6 0.6 3.2 0.292
2:32:41 PM 26.1 25.2 5.1 5.6 0.5 3.1 0.243
2:33:11 PM 26.2 25.2 5.1 5.6 0.5 3.1 0.243
2:33:41 PM 26.1 25.2 5.2 5.7 0.5 3.0 0.243
2:34:11 PM 26.1 25.2 5.2 5.8 0.6 3.0 0.292
2:34:41 PM 26.2 25.2 5.3 5.8 0.5 2.9 0.243
2:35:11 PM 26.1 25.2 5.3 5.8 0.5 2.9 0.243
2:35:42 PM 26.2 25.2 5.4 5.9 0.5 2.8 0.243
2:36:12 PM 26.2 25.2 5.5 5.9 0.4 2.7 0.195




Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
2:37:12 PM 26.2 25.2 5.6 6.1 0.5 2.6 0.243
2:37:42 PM 26.2 25.2 5.6 6.1 0.5 2.6 0.243
2:38:12 PM 26.2 25.2 5.7 6.1 0.4 2.5 0.195
2:38:42 PM 26.2 25.2 5.7 6.2 0.5 2.5 0.243
2:39:12 PM 26.1 25.2 5.8 6.2 0.4 2.4 0.195
2:39:42 PM 26.2 25.2 5.8 6.2 0.4 2.4 0.195
2:40:12 PM 26.2 25.2 5.9 6.3 0.4 2.3 0.195
2:40:42 PM 26.1 25.2 5.9 6.3 0.4 2.3 0.195
2:41:12 PM 26.1 25.2 6.0 6.3 0.3 2.2 0.146
2:41:42 PM 26.2 25.2 6.1 6.4 0.3 2.1 0.146
2:42:12 PM 26.2 25.2 6.1 6.4 0.3 2.1 0.146
2:42:42 PM 26.2 25.2 6.1 6.5 0.4 2.1 0.195
2:43:12 PM 26.1 25.2 6.2 6.5 0.3 2.0 0.146
2:43:43 PM 26.1 25.2 6.2 6.5 0.3 2.0 0.146
2:44:14 PM 26.1 25.2 6.3 6.6 0.3 1.9 0.146
2:44:43 PM 26.1 25.2 6.3 6.6 0.3 1.9 0.146
2:45:14 PM 26.1 25.2 6.3 6.6 0.3 1.9 0.146
2:45:43 PM 26.1 25.2 6.4 6.7 0.3 1.8 0.146
2:46:14 PM 26.1 25.2 6.4 6.7 0.3 1.8 0.146
2:46:43 PM 26.1 25.2 6.4 6.8 0.4 1.8 0.195
2:47:14 PM 26.1 25.2 6.5 6.8 0.3 1.7 0.146
2:47:43 PM 26.1 25.2 6.5 6.8 0.3 1.7 0.146
2:48:14 PM 26.1 25.2 6.6 6.8 0.2 1.6 0.097
2:48:43 PM 26.1 25.2 6.6 6.9 0.3 1.6 0.146
2:49:14 PM 26.1 25.2 6.6 6.9 0.3 1.6 0.146
2:49:43 PM 26.1 25.2 6.7 6.9 0.2 1.5 0.097
2:50:14 PM 26.1 25.2 6.7 7.0 0.3 1.5 0.146
2:50:43 PM 26.1 25.2 6.7 7.0 0.3 1.5 0.146
2:51:15 PM 26.1 25.2 6.8 7.0 0.2 1.4 0.097
2:51:45 PM 26.2 25.2 6.8 7.0 0.2 1.4 0.097
2:52:15 PM 26.1 25.2 6.8 7.1 0.3 1.4 0.146
2:52:45 PM 26.1 25.2 6.8 7.1 0.3 1.4 0.146
2:53:15 PM 26.2 25.2 6.9 7.1 0.2 1.3 0.097
2:53:45 PM 26.2 25.2 6.9 7.1 0.2 1.3 0.097
3:06:48 PM 26.2 25.2 7.5 7.6 0.1 0.7 0.049
3:07:17 PM 26.2 25.2 7.5 7.6 0.1 0.7 0.049
deficit
15.2 3 30.5 OTR = 0.0811*Cdeficit 0.966
15.2 cm air‐lift_Trial 3_7/22/2007 (continued)
Dissolved Oxygen 
Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
2:54:45 PM 26.2 25.2 7.0 7.2 0.2 1.2 0.097
2:55:15 PM 26.2 25.2 7.0 7.2 0.2 1.2 0.097
2:55:45 PM 26.1 25.2 7.0 7.2 0.2 1.2 0.097
2:56:15 PM 26.1 25.2 7.0 7.2 0.2 1.2 0.097
2:56:45 PM 26.1 25.2 7.1 7.3 0.2 1.1 0.097
2:57:15 PM 26.1 25.2 7.1 7.3 0.2 1.1 0.097
2:57:45 PM 26.2 25.2 7.1 7.3 0.2 1.1 0.097
2:58:16 PM 26.2 25.2 7.1 7.3 0.2 1.1 0.097
2:58:46 PM 26.1 25.2 7.2 7.3 0.1 1.0 0.049
2:59:16 PM 26.1 25.2 7.2 7.4 0.2 1.0 0.097
2:59:46 PM 26.1 25.2 7.2 7.4 0.2 1.0 0.097
3:00:16 PM 26.2 25.2 7.2 7.4 0.2 1.0 0.097
3:00:46 PM 26.2 25.2 7.3 7.4 0.1 0.9 0.049
3:01:16 PM 26.2 25.2 7.3 7.4 0.1 0.9 0.049
3:01:46 PM 26.1 25.2 7.3 7.4 0.1 0.9 0.049
3:02:16 PM 26.1 25.2 7.3 7.5 0.2 0.9 0.097
3:02:46 PM 26.1 25.2 7.3 7.5 0.2 0.9 0.097
3:03:16 PM 26.1 25.2 7.4 7.5 0.1 0.8 0.049
3:03:46 PM 26.1 25.2 7.4 7.5 0.1 0.8 0.049
3:04:16 PM 26.1 25.2 7.4 7.5 0.1 0.8 0.049
3:04:46 PM 26.1 25.2 7.4 7.6 0.2 0.8 0.097
3:05:17 PM 26.1 25.2 7.4 7.6 0.2 0.8 0.097
3:05:48 PM 26.1 25.2 7.5 7.6 0.1 0.7 0.049




Air‐lift [cm] Trial  Lift [cm]  Cfor deficit equations
R2





Ave 0.040 0.040 0.035 0.035 0.1513 0.1519







Air‐lift [cm] Trial  Inlet Outlet Inlet Outlet Inlet Outlet
15.2 1 0.037 0.037 0.031 0.031 0.1376 0.1376
15.2 2 0.042 0.042 0.036 0.037 0.1574 0.1593












2:00 PM 20.06 3.56 338.09
2:30 PM 20.06 3.50 343.89
3:00 PM 20.06 3.60 334.33
3:30 PM 20.06 3.55 339.04
Lift 38.1 cm QL,ave  338.84 l min
‐1







[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
2:12:12 PM 27.8 26.9 7.9 7.9 0.0 0.0 0.000
2:13:12 PM 27.8 26.9 7.9 8.0 0.1 0.0 0.049
2:14:12 PM 27.8 26.9 7.9 8.0 0.1 0.0 0.049
2:15:12 PM 27.8 26.9 2.8 6.8 4.0 5.1 1.952
2:16:13 PM 27.8 26.9 0.1 1.5 1.4 7.8 0.683
2:17:12 PM 27.8 26.9 0.2 2.1 1.9 7.7 0.927
2:18:12 PM 27.9 26.9 0.4 1.7 1.3 7.5 0.634
2:19:12 PM 27.8 26.9 0.5 1.5 1.0 7.4 0.488
2:20:12 PM 27.8 26.9 0.6 1.6 1.0 7.3 0.488
2:21:12 PM 27.9 26.9 0.5 1.8 1.3 7.4 0.634
2:22:13 PM 27.9 26.9 0.5 1.9 1.4 7.4 0.683
2:23:12 PM 27.9 27.0 0.5 2.1 1.6 7.4 0.781
2:24:12 PM 27.9 27.0 0.6 2.2 1.6 7.3 0.781
2:25:12 PM 27.9 27.0 0.7 2.5 1.8 7.2 0.878
2:26:12 PM 27.9 27.0 0.9 2.7 1.8 7.0 0.878
2:27:12 PM 28.0 27.0 1.2 2.9 1.7 6.7 0.829
2:28:13 PM 27.9 27.0 1.4 3.2 1.8 6.5 0.878
2:29:12 PM 27.9 27.0 1.6 3.4 1.8 6.3 0.878





[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
2:31:12 PM 28.0 27.0 2.1 3.8 1.7 5.8 0.829
2:32:14 PM 28.0 27.0 2.4 3.9 1.5 5.5 0.732
2:33:14 PM 28.0 27.0 2.6 4.1 1.5 5.3 0.732
2:34:14 PM 28.0 27.0 2.8 4.2 1.4 5.1 0.683
2:35:14 PM 28.0 27.0 3.0 4.4 1.4 4.9 0.683
2:36:14 PM 28.0 27.0 3.2 4.6 1.4 4.7 0.683
2:37:14 PM 28.0 27.0 3.4 4.7 1.3 4.5 0.634
2:38:14 PM 28.0 27.0 3.6 4.9 1.3 4.3 0.634
2:39:14 PM 28.0 27.0 3.7 5.0 1.3 4.2 0.634
2:40:14 PM 28.0 27.0 4.0 5.1 1.1 3.9 0.537
2:41:14 PM 28.0 27.0 4.2 5.2 1.0 3.7 0.488
2:42:14 PM 28.0 27.0 4.3 5.3 1.0 3.6 0.488
2:43:14 PM 28.0 27.0 4.4 5.4 1.0 3.5 0.488
2:44:14 PM 28.0 27.0 4.6 5.6 1.0 3.3 0.488
2:45:14 PM 28.0 27.0 4.7 5.7 1.0 3.2 0.488
2:46:14 PM 28.0 27.0 4.8 5.7 0.9 3.1 0.439
2:47:14 PM 28.0 27.0 4.9 5.8 0.9 3.0 0.439
2:48:14 PM 28.0 27.0 5.1 5.9 0.8 2.8 0.390
2:49:14 PM 28.0 27.0 5.2 6.0 0.8 2.7 0.390
2:50:14 PM 28.0 27.0 5.3 6.1 0.8 2.6 0.390
2:51:14 PM 28.0 27.0 5.4 6.2 0.8 2.5 0.390
2:52:14 PM 28.0 27.0 5.5 6.3 0.8 2.4 0.390
2:53:14 PM 28.0 27.0 5.6 6.3 0.7 2.3 0.342
2:54:14 PM 28.0 27.0 5.7 6.4 0.7 2.2 0.342
2:55:14 PM 28.0 27.0 5.8 6.4 0.6 2.1 0.293
2:56:14 PM 28.0 27.0 5.9 6.5 0.6 2.0 0.293
2:57:14 PM 28.0 27.0 6.0 6.6 0.6 1.9 0.293
2:58:14 PM 28.0 27.0 6.0 6.6 0.6 1.9 0.293
2:59:14 PM 28.0 27.0 6.1 6.6 0.5 1.8 0.244
3:00:14 PM 28.0 27.0 6.2 6.7 0.5 1.7 0.244
3:01:14 PM 28.0 27.0 6.2 6.8 0.6 1.7 0.293
3:02:15 PM 28.0 27.0 6.3 6.9 0.6 1.6 0.293
3:03:15 PM 28.0 27.0 6.4 6.9 0.5 1.5 0.244
3:04:15 PM 28.0 27.0 6.4 6.9 0.5 1.5 0.244





[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
3:06:15 PM 28.0 27.0 6.6 7.0 0.4 1.3 0.195
3:07:15 PM 28.0 27.0 6.6 7.0 0.4 1.3 0.195
3:08:15 PM 28.0 27.0 6.7 7.1 0.4 1.2 0.195
3:09:15 PM 28.0 27.0 6.7 7.1 0.4 1.2 0.195
3:10:15 PM 28.0 27.0 6.8 7.2 0.4 1.1 0.195
3:11:15 PM 28.0 27.0 6.8 7.2 0.4 1.1 0.195
3:12:15 PM 28.0 27.0 6.8 7.2 0.4 1.1 0.195
3:13:15 PM 28.0 27.0 6.9 7.2 0.3 1.0 0.146
3:14:15 PM 28.1 27.0 6.9 7.3 0.4 1.0 0.195
3:15:15 PM 28.1 27.0 7.0 7.3 0.3 0.9 0.146
3:16:15 PM 28.1 27.0 7.0 7.3 0.3 0.9 0.146
3:17:15 PM 28.1 27.0 7.0 7.4 0.4 0.9 0.195
3:18:15 PM 28.1 27.0 7.1 7.4 0.3 0.8 0.146
3:19:15 PM 28.1 27.0 7.1 7.4 0.3 0.8 0.146
3:20:15 PM 28.1 27.0 7.1 7.4 0.3 0.8 0.146
3:21:15 PM 28.1 27.0 7.2 7.5 0.3 0.7 0.146
3:22:15 PM 28.1 27.0 7.2 7.5 0.3 0.7 0.146
3:23:15 PM 28.1 27.0 7.2 7.5 0.3 0.7 0.146
3:24:15 PM 28.1 27.0 7.2 7.5 0.3 0.7 0.146
3:25:15 PM 28.1 27.0 7.3 7.5 0.2 0.6 0.098
3:26:15 PM 28.1 27.0 7.3 7.5 0.2 0.6 0.098
3:27:15 PM 28.1 27.0 7.3 7.6 0.3 0.6 0.146
3:28:15 PM 28.1 27.0 7.3 7.6 0.3 0.6 0.146
3:29:15 PM 28.2 27.0 7.3 7.6 0.3 0.6 0.146
3:30:15 PM 28.1 27.0 7.4 7.6 0.2 0.5 0.098
3:31:16 PM 28.1 27.0 7.4 7.6 0.2 0.5 0.098
3:32:17 PM 28.2 27.0 7.4 7.6 0.2 0.5 0.098
3:33:17 PM 28.1 27.0 7.4 7.6 0.2 0.5 0.098











10:45 AM 20.06 3.50 343.89
11:15 AM 20.06 3.68 327.07
11:45 AM 20.06 3.60 334.33
Lift 38.1 cm QL,ave  335.09 l min
‐1







[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
10:59:34 AM 28.8 27.2 7.9 7.8 ‐0.1 ‐0.1 ‐0.048
11:00:04 AM 28.8 27.2 7.9 7.9 0.0 ‐0.1 0.000
11:00:34 AM 28.8 27.2 7.9 7.8 ‐0.1 ‐0.1 ‐0.048
11:01:04 AM 28.8 27.2 7.9 7.8 ‐0.1 ‐0.1 ‐0.048
11:01:34 AM 28.8 27.2 5.4 5.8 0.4 2.5 0.193
11:02:04 AM 28.8 27.2 0.3 3.6 3.3 7.6 1.592
11:02:34 AM 28.8 27.2 0.2 1.6 1.4 7.7 0.676
11:03:04 AM 28.8 27.2 0.1 1.3 1.2 7.8 0.579
11:03:34 AM 28.8 27.2 0.1 1.3 1.2 7.8 0.579
11:04:04 AM 28.8 27.2 0.1 1.2 1.1 7.8 0.531
11:04:34 AM 28.8 27.2 0.1 1.3 1.2 7.8 0.579
11:05:04 AM 28.7 27.2 0.1 1.1 1.0 7.8 0.483
11:05:34 AM 28.8 27.1 0.1 0.9 0.8 7.8 0.386
11:06:04 AM 28.7 27.2 0.1 0.7 0.6 7.8 0.290
11:06:34 AM 28.8 27.2 0.1 0.6 0.5 7.8 0.241
11:07:04 AM 28.7 27.2 0.1 0.7 0.6 7.8 0.290
11:07:34 AM 28.7 27.2 0.1 0.8 0.7 7.8 0.338
11:08:04 AM 28.8 27.2 0.1 1.0 0.9 7.8 0.434
11:08:34 AM 28.7 27.2 0.1 1.4 1.3 7.8 0.627
11:09:04 AM 28.8 27.2 0.1 1.6 1.5 7.8 0.724
11:09:34 AM 28.7 27.2 0.1 1.7 1.6 7.8 0.772
11:10:04 AM 28.7 27.2 0.2 1.8 1.6 7.7 0.772
11:10:34 AM 28.7 27.2 0.3 1.9 1.6 7.6 0.772
143





[mg l‐1] C  ‐ C C OTR 





11:11:04 AM 28.7 27.2 0.4 2.0 1.6 7.5 0.772
11:11:34 AM 28.7 27.2 0.5 2.2 1.7 7.4 0.820
11:12:06 AM 28.7 27.2 0.6 2.3 1.7 7.3 0.820
11:12:36 AM 28.7 27.2 0.7 2.5 1.8 7.2 0.869
11:13:05 AM 28.7 27.2 0.9 2.5 1.6 7.0 0.772
11:13:35 AM 28.7 27.2 1.0 2.7 1.7 6.9 0.820
11:14:05 AM 28.7 27.2 1.1 2.9 1.8 6.8 0.869
11:14:35 AM 28.7 27.2 1.3 2.8 1.5 6.6 0.724
11:15:06 AM 28.7 27.2 1.4 2.9 1.5 6.5 0.724
11:15:35 AM 28.6 27.2 1.5 3.0 1.5 6.4 0.724
11:16:05 AM 28.7 27.2 1.7 3.2 1.5 6.2 0.724
11:16:35 AM 28.6 27.2 1.9 3.3 1.4 6.0 0.676
11:17:05 AM 28.6 27.2 2.0 3.4 1.4 5.9 0.676
11:17:36 AM 28.6 27.2 2.1 3.5 1.4 5.8 0.676
11:18:05 AM 28.6 27.2 2.3 3.6 1.3 5.6 0.627
11:18:36 AM 28.6 27.2 2.4 3.7 1.3 5.5 0.627
11:19:05 AM 28.6 27.2 2.5 3.8 1.3 5.4 0.627
11:19:35 AM 28.6 27.2 2.6 3.9 1.3 5.3 0.627
11:20:05 AM 28.7 27.2 2.7 3.9 1.2 5.2 0.579
11:20:36 AM 28.6 27.2 2.8 4.0 1.2 5.1 0.579
11:21:05 AM 28.6 27.2 3.0 4.1 1.1 4.9 0.531
11:21:35 AM 28.6 27.2 3.1 4.2 1.1 4.8 0.531
11:22:05 AM 28.6 27.2 3.2 4.3 1.1 4.7 0.531
11:22:35 AM 28.6 27.2 3.3 4.4 1.1 4.6 0.531
11:23:05 AM 28.6 27.2 3.4 4.4 1.0 4.5 0.483
11:23:35 AM 28.6 27.2 3.5 4.5 1.0 4.4 0.483
11:24:05 AM 28.6 27.2 3.6 4.6 1.0 4.3 0.483
11:24:35 AM 28.6 27.2 3.7 4.6 0.9 4.2 0.434
11:25:05 AM 28.6 27.2 3.7 4.7 1.0 4.2 0.483
11:25:35 AM 28.6 27.2 3.8 4.7 0.9 4.1 0.434
11:26:05 AM 28.5 27.2 3.9 4.9 1.0 4.0 0.483
11:26:37 AM 28.5 27.2 4.0 4.9 0.9 3.9 0.434
11:27:07 AM 28.5 27.2 4.1 5.0 0.9 3.8 0.434
11:27:37 AM 28.5 27.2 4.2 5.0 0.8 3.7 0.386











[kg O  day‐1]Time Inlet  Outlet Inlet  Outlet 2
11:28:37 AM 28.6 27.2 4.3 5.1 0.8 3.6 0.386
11:29:07 AM 28.5 27.2 4.4 5.2 0.8 3.5 0.386
11:29:37 AM 28.5 27.2 4.5 5.3 0.8 3.4 0.386
11:30:07 AM 28.5 27.2 4.6 5.4 0.8 3.3 0.386
11:30:37 AM 28.5 27.2 4.7 5.4 0.7 3.2 0.338
11:31:07 AM 28.5 27.2 4.8 5.5 0.7 3.1 0.338
11:31:37 AM 28.5 27.2 4.8 5.5 0.7 3.1 0.338
11:32:07 AM 28.5 27.2 4.9 5.6 0.7 3.0 0.338
11:32:37 AM 28.5 27.2 4.9 5.6 0.7 3.0 0.338
11:33:07 AM 28.5 27.2 5.0 5.6 0.6 2.9 0.290
11:33:37 AM 28.5 27.2 5.1 5.7 0.6 2.8 0.290
11:34:07 AM 28.5 27.2 5.2 5.7 0.5 2.7 0.241
11:34:37 AM 28.5 27.2 5.2 5.8 0.6 2.7 0.290
11:35:07 AM 28.5 27.2 5.3 5.8 0.5 2.6 0.241
11:35:37 AM 28.5 27.2 5.3 5.8 0.5 2.6 0.241
11:36:07 AM 28.5 27.2 5.4 5.9 0.5 2.5 0.241
11:36:37 AM 28.5 27.2 5.5 5.9 0.4 2.4 0.193
11:37:07 AM 28.5 27.2 5.5 6.0 0.5 2.4 0.241
11:37:37 AM 28.5 27.2 5.6 6.0 0.4 2.3 0.193
11:38:07 AM 28.5 27.2 5.6 6.1 0.5 2.3 0.241
11:38:37 AM 28.4 27.2 5.7 6.1 0.4 2.2 0.193
11:39:07 AM 28.5 27.2 5.7 6.2 0.5 2.2 0.241
11:39:37 AM 28.4 27.2 5.8 6.2 0.4 2.1 0.193
11:40:07 AM 28.4 27.2 5.8 6.2 0.4 2.1 0.193
11:40:38 AM 28.5 27.2 5.9 6.2 0.3 2.0 0.145
11:41:08 AM 28.4 27.2 5.9 6.3 0.4 2.0 0.193
11:41:38 AM 28.4 27.2 6.0 6.3 0.3 1.9 0.145
11:42:08 AM 28.4 27.2 6.0 6.4 0.4 1.9 0.193
11:42:38 AM 28.5 27.2 6.0 6.4 0.4 1.9 0.193
11:43:08 AM 28.4 27.2 6.1 6.4 0.3 1.8 0.145
11:43:38 AM 28.4 27.2 6.1 6.4 0.3 1.8 0.145
11:44:08 AM 28.4 27.2 6.2 6.5 0.3 1.7 0.145
11:44:38 AM 28.4 27.2 6.2 6.5 0.3 1.7 0.145
11:45:08 AM 28.4 27.2 6.2 6.5 0.3 1.7 0.145
12:02:10 PM 28.4 27.2 7.2 7.2 0.0 0.6 0.000
15.2 cm air‐lift_Trial 2_7/20/2007 (continued)
Dissolved Oxygen 






Time Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg O2 day ]
11:46:08 AM 28.4 27.2 6.3 6.6 0.3 1.6 0.145
11:46:38 AM 28.4 27.2 6.4 6.6 0.2 1.5 0.097
11:47:08 AM 28.4 27.2 6.4 6.6 0.2 1.5 0.097
11:47:38 AM 28.4 27.2 6.4 6.7 0.3 1.5 0.145
11:48:08 AM 28.4 27.2 6.5 6.7 0.2 1.4 0.097
11:48:38 AM 28.4 27.2 6.5 6.7 0.2 1.4 0.097
11:49:08 AM 28.4 27.2 6.5 6.7 0.2 1.4 0.097
11:49:38 AM 28.4 27.2 6.6 6.8 0.2 1.3 0.097
11:50:08 AM 28.4 27.2 6.6 6.8 0.2 1.3 0.097
11:50:38 AM 28.4 27.2 6.6 6.8 0.2 1.3 0.097
11:51:08 AM 28.4 27.2 6.6 6.8 0.2 1.3 0.097
11:51:38 AM 28.4 27.2 6.7 6.9 0.2 1.2 0.097
11:52:08 AM 28.4 27.2 6.7 6.9 0.2 1.2 0.097
11:52:38 AM 28.4 27.2 6.7 6.9 0.2 1.2 0.097
11:53:08 AM 28.4 27.2 6.8 6.9 0.1 1.1 0.048
11:53:39 AM 28.4 27.2 6.8 6.9 0.1 1.1 0.048
11:54:10 AM 28.4 27.2 6.8 7.0 0.2 1.1 0.097
11:54:39 AM 28.4 27.2 6.8 7.0 0.2 1.1 0.097
11:55:10 AM 28.4 27.2 6.9 7.0 0.1 0.9 0.048
11:55:39 AM 28.4 27.2 6.9 7.0 0.1 0.9 0.048
11:56:10 AM 28.4 27.2 6.9 7.1 0.2 0.9 0.097
11:56:39 AM 28.4 27.2 6.9 7.1 0.2 0.9 0.097
11:57:10 AM 28.4 27.2 7.0 7.1 0.1 0.9 0.048
11:57:39 AM 28.4 27.2 7.0 7.1 0.1 0.9 0.048
11:58:10 AM 28.4 27.2 7.0 7.1 0.1 0.9 0.048
11:58:39 AM 28.3 27.2 7.0 7.1 0.1 0.9 0.048
11:59:10 AM 28.4 27.2 7.0 7.1 0.1 0.9 0.048
11:59:39 AM 28.4 27.2 7.1 7.2 0.1 0.8 0.048
12:00:10 PM 28.4 27.2 7.1 7.2 0.1 0.8 0.048
12:00:39 PM 28.4 27.2 7.1 7.2 0.1 0.8 0.048
12:01:10 PM 28.4 27.2 7.1 7.2 0.1 0.8 0.048
12:01:39 PM 28.4 27.2 7.1 7.2 0.1 0.8 0.048
146
4:30 PM 20.06 3.60 334.33











3:00 PM 20.06 3.66 328.85
3:30 PM 20.06 3.51 342.91




Cs  7.83 mg l QG:QL 1.48
Vtank 7973 liters
Dissolved Oxygen 






Time Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg O2 day ]
3:14:13 PM 28.5 27.3 8.1 8.1 0.0 ‐0.3 0.000
3:14:43 PM 28.6 27.3 8.0 8.1 0.1 ‐0.2 0.048
3:15:13 PM 28.6 27.3 8.0 8.1 0.1 ‐0.2 0.048
3:15:43 PM 28.6 27.3 1.9 8.1 6.2 5.9 2.994
3:16:13 PM 28.6 27.3 0.2 6.3 6.1 7.6 2.946
3:16:43 PM 28.6 27.3 0.1 4.5 4.4 7.7 2.125
3:17:13 PM 28.5 27.3 0.1 3.4 3.3 7.7 1.594
3:17:43 PM 28.6 27.3 0.1 2.6 2.5 7.7 1.207
3:18:13 PM 28.6 27.3 0.1 2.1 2.0 7.7 0.966
3:18:43 PM 28.5 27.3 0.1 1.8 1.7 7.7 0.821
3:19:13 PM 28.5 27.3 0.1 0.1 0.0 7.7 0.000
3:19:43 PM 28.5 27.3 0.1 0.1 0.0 7.7 0.000
3:20:13 PM 28.5 27.3 0.1 0.1 0.0 7.7 0.000
3:20:43 PM 28.6 27.3 0.1 0.1 0.0 7.7 0.000
3:21:13 PM 28.5 27.3 0.1 0.1 0.0 7.7 0.000
3:21:43 PM 28.5 27.3 0.1 1.7 1.6 7.7 0.773
3:22:13 PM 28.5 27.4 0.1 1.8 1.7 7.7 0.821
3:22:43 PM 28.5 27.4 0.1 2.0 1.9 7.7 0.918
3:23:13 PM 28.5 27.4 0.1 2.0 1.9 7.7 0.918
3:23:43 PM 28.5 27.4 0.1 2.1 2.0 7.7 0.966
3:24:13 PM 28.5 27.4 0.1 2.2 2.1 7.7 1.014
3:24:43 PM 28.5 27.4 0.1 2.4 2.3 7.7 1.111




Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
3:25:43 PM 28.5 27.4 0.2 2.7 2.5 7.6 1.207
3:26:13 PM 28.5 27.4 0.5 2.8 2.3 7.3 1.111
3:26:43 PM 28.5 27.4 0.4 2.8 2.4 7.4 1.159
3:27:13 PM 28.5 27.4 0.6 3.0 2.4 7.2 1.159
3:27:43 PM 28.5 27.4 0.8 3.0 2.2 7.0 1.062
3:28:13 PM 28.5 27.4 1.0 3.1 2.1 6.8 1.014
3:28:43 PM 28.5 27.4 1.2 3.2 2.0 6.6 0.966
3:29:13 PM 28.5 27.4 1.4 3.3 1.9 6.4 0.918
3:29:43 PM 28.5 27.4 1.5 3.3 1.8 6.3 0.869
3:30:13 PM 28.5 27.4 1.7 3.4 1.7 6.1 0.821
3:30:43 PM 28.5 27.4 1.9 3.6 1.7 5.9 0.821
3:31:13 PM 28.5 27.4 2.0 3.7 1.7 5.8 0.821
3:31:43 PM 28.5 27.4 2.1 3.8 1.7 5.7 0.821
3:32:13 PM 28.5 27.4 2.2 3.9 1.7 5.6 0.821
3:32:43 PM 28.6 27.4 2.4 4.0 1.6 5.4 0.773
3:33:13 PM 28.5 27.4 2.5 4.1 1.6 5.3 0.773
3:33:43 PM 28.5 27.4 2.7 4.2 1.5 5.1 0.724
3:34:13 PM 28.6 27.4 2.8 4.2 1.4 5.0 0.676
3:34:43 PM 28.5 27.4 2.9 4.3 1.4 4.9 0.676
3:35:13 PM 28.5 27.4 3.0 4.4 1.4 4.8 0.676
3:35:43 PM 28.5 27.4 3.1 4.5 1.4 4.7 0.676
3:36:13 PM 28.5 27.4 3.2 4.6 1.4 4.6 0.676
3:36:43 PM 28.5 27.4 3.3 4.6 1.3 4.5 0.628
3:37:13 PM 28.5 27.4 3.4 4.7 1.3 4.4 0.628
3:37:43 PM 28.5 27.4 3.5 4.8 1.3 4.3 0.628
3:38:13 PM 28.5 27.4 3.6 4.9 1.3 4.2 0.628
3:38:43 PM 28.5 27.4 3.7 5.0 1.3 4.1 0.628
3:39:13 PM 28.6 27.4 3.8 5.0 1.2 4.0 0.580
3:39:43 PM 28.5 27.4 3.9 5.1 1.2 3.9 0.580
3:40:13 PM 28.5 27.4 4.0 5.2 1.2 3.8 0.580
3:40:43 PM 28.5 27.4 4.1 5.2 1.1 3.7 0.531
3:41:13 PM 28.6 27.4 4.2 5.3 1.1 3.6 0.531
3:41:43 PM 28.5 27.4 4.3 5.4 1.1 3.5 0.531
3:42:13 PM 28.5 27.4 4.3 5.4 1.1 3.5 0.531




Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
3:43:13 PM 28.5 27.4 4.5 5.5 1.0 3.3 0.483
3:43:43 PM 28.4 27.4 4.6 5.6 1.0 3.2 0.483
3:44:13 PM 28.5 27.4 4.7 5.6 0.9 3.1 0.435
3:44:43 PM 28.5 27.4 4.7 5.7 1.0 3.1 0.483
3:45:13 PM 28.5 27.4 4.8 5.7 0.9 3.0 0.435
3:45:43 PM 28.5 27.4 4.9 5.8 0.9 2.9 0.435
3:46:13 PM 28.5 27.4 4.9 5.8 0.9 2.9 0.435
3:46:43 PM 28.5 27.4 5.0 5.9 0.9 2.8 0.435
3:47:13 PM 28.5 27.4 5.1 5.9 0.8 2.7 0.386
3:47:43 PM 28.5 27.4 5.2 6.0 0.8 2.6 0.386
3:48:13 PM 28.5 27.4 5.2 6.0 0.8 2.6 0.386
3:48:43 PM 28.5 27.4 5.3 6.1 0.8 2.5 0.386
3:49:13 PM 28.5 27.4 5.3 6.1 0.8 2.5 0.386
3:49:43 PM 28.5 27.4 5.4 6.2 0.8 2.4 0.386
3:50:13 PM 28.5 27.4 5.5 6.2 0.7 2.3 0.338
3:50:43 PM 28.5 27.4 5.5 6.3 0.8 2.3 0.386
3:51:13 PM 28.5 27.4 5.6 6.3 0.7 2.2 0.338
3:51:43 PM 28.5 27.4 5.6 6.3 0.7 2.2 0.338
3:52:13 PM 28.5 27.4 5.7 6.4 0.7 2.1 0.338
3:52:43 PM 28.5 27.4 5.7 6.4 0.7 2.1 0.338
3:53:13 PM 28.5 27.4 5.8 6.4 0.6 2.0 0.290
3:53:43 PM 28.4 27.4 5.8 6.5 0.7 2.0 0.338
3:54:13 PM 28.5 27.4 5.9 6.5 0.6 1.9 0.290
3:54:43 PM 28.4 27.4 5.9 6.6 0.7 1.9 0.338
3:55:13 PM 28.4 27.4 6.0 6.6 0.6 1.8 0.290
3:55:43 PM 28.4 27.4 6.0 6.6 0.6 1.8 0.290
3:56:13 PM 28.4 27.4 6.1 6.7 0.6 1.7 0.290
3:56:43 PM 28.4 27.4 6.1 6.7 0.6 1.7 0.290
3:57:13 PM 28.5 27.4 6.1 6.7 0.6 1.7 0.290
3:57:43 PM 28.4 27.4 6.2 6.7 0.5 1.6 0.241
3:58:13 PM 28.5 27.4 6.2 6.8 0.6 1.6 0.290
3:58:43 PM 28.5 27.4 6.3 6.8 0.5 1.5 0.241
3:59:13 PM 28.4 27.4 6.3 6.8 0.5 1.5 0.241
3:59:43 PM 28.4 27.4 6.3 6.9 0.6 1.5 0.290




Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
4:00:43 PM 28.4 27.4 6.4 6.9 0.5 1.4 0.241
4:01:13 PM 28.4 27.4 6.4 6.9 0.5 1.4 0.241
4:01:43 PM 28.5 27.4 6.5 7.0 0.5 1.3 0.241
4:02:13 PM 28.4 27.4 6.5 7.0 0.5 1.3 0.241
4:02:43 PM 28.4 27.4 6.6 7.0 0.4 1.2 0.193
4:03:13 PM 28.4 27.4 6.6 7.0 0.4 1.2 0.193
4:03:43 PM 28.5 27.4 6.6 7.0 0.4 1.2 0.193
4:04:13 PM 28.4 27.4 6.6 7.0 0.4 1.2 0.193
4:04:43 PM 28.4 27.4 6.7 7.1 0.4 1.1 0.193
4:05:13 PM 28.5 27.4 6.7 7.1 0.4 1.1 0.193
4:05:43 PM 28.5 27.4 6.7 7.1 0.4 1.1 0.193
4:06:13 PM 28.4 27.4 6.8 7.1 0.3 1.0 0.145
4:06:43 PM 28.4 27.4 6.8 7.2 0.4 1.0 0.193
4:07:13 PM 28.5 27.4 6.8 7.2 0.4 1.0 0.193
4:07:43 PM 28.5 27.4 6.8 7.2 0.4 1.0 0.193
4:08:13 PM 28.5 27.4 6.9 7.2 0.3 0.9 0.145
4:08:43 PM 28.4 27.4 6.9 7.2 0.3 0.9 0.145
4:09:13 PM 28.5 27.4 6.9 7.3 0.4 0.9 0.193
4:09:43 PM 28.5 27.4 6.9 7.3 0.4 0.9 0.193
4:10:13 PM 28.5 27.4 7.0 7.3 0.3 0.8 0.145
4:10:43 PM 28.5 27.4 7.0 7.3 0.3 0.8 0.145
4:11:13 PM 28.5 27.4 7.0 7.3 0.3 0.8 0.145
4:11:43 PM 28.5 27.4 7.0 7.3 0.3 0.8 0.145
4:12:13 PM 28.4 27.4 7.1 7.4 0.3 0.7 0.145
4:12:43 PM 28.4 27.4 7.1 7.4 0.3 0.7 0.145
4:13:13 PM 28.5 27.4 7.1 7.4 0.3 0.7 0.145
4:13:43 PM 28.5 27.4 7.1 7.4 0.3 0.7 0.145
4:14:13 PM 28.5 27.4 7.1 7.4 0.3 0.7 0.145
4:14:43 PM 28.5 27.4 7.2 7.4 0.2 0.6 0.097
4:15:13 PM 28.5 27.4 7.2 7.5 0.3 0.6 0.145
4:15:43 PM 28.5 27.4 7.2 7.5 0.3 0.6 0.145
4:16:13 PM 28.5 27.4 7.2 7.5 0.3 0.6 0.145
4:16:43 PM 28.5 27.4 7.2 7.5 0.3 0.6 0.145
4:17:13 PM 28.5 27.4 7.2 7.5 0.3 0.6 0.145
4:26:13 PM 28.5 27.4 7.5 7.7 0.2 0.3 0.097




Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
4:18:13 PM 28.5 27.4 7.3 7.5 0.2 0.5 0.097
4:18:43 PM 28.5 27.4 7.3 7.5 0.2 0.5 0.097
4:19:13 PM 28.4 27.4 7.3 7.6 0.3 0.5 0.145
4:19:43 PM 28.5 27.4 7.3 7.6 0.3 0.5 0.145
4:20:13 PM 28.5 27.4 7.3 7.6 0.3 0.5 0.145
4:20:43 PM 28.5 27.4 7.4 7.6 0.2 0.4 0.097
4:21:13 PM 28.5 27.4 7.4 7.6 0.2 0.4 0.097
4:21:43 PM 28.5 27.4 7.4 7.6 0.2 0.4 0.097
4:22:13 PM 28.5 27.4 7.4 7.6 0.2 0.4 0.097
4:22:43 PM 28.5 27.4 7.4 7.6 0.2 0.4 0.097
4:23:13 PM 28.5 27.4 7.4 7.6 0.2 0.4 0.097
4:23:43 PM 28.5 27.4 7.5 7.6 0.1 0.3 0.048
4:24:13 PM 28.4 27.4 7.5 7.7 0.2 0.3 0.097
4:24:43 PM 28.4 27.4 7.5 7.7 0.2 0.3 0.097
4:25:13 PM 28.4 27.4 7.5 7.7 0.2 0.3 0.097




Air‐lift [cm] Trial  Lift [cm]  Cfor deficit equations
R
15.2 1 38.1 OTR = 0.1325*Cdeficit 0.984
15.2 2 38.1 OTR = 0.1102*Cdeficit 0.976






Air‐lift [cm] Trial  Inlet Outlet Inlet Outlet Inlet Outlet
15.2 1 0.041 0.043 0.035 0.036 0.1500 0.1573
15.2 2 0.047 0.044 0.039 0.036 0.1696 0.1570
15.2 3 0.049 0.049 0.040 0.041 0.1747 0.1772












11:45 AM 20.06 2.55 472.00
12:30 PM 20.06 2.60 462.92
1:00 PM 20.06 2.45 491.27
Lift 30 cm QL,ave  475.40 l min
‐1







[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
11:49:26 AM 27.8 26.3 8.2 8.3 0.1 ‐0.2 0.068
11:49:56 AM 27.8 26.3 8.2 8.3 0.1 ‐0.2 0.068
11:50:26 AM 27.8 26.3 8.2 8.3 0.1 ‐0.2 0.068
11:50:56 AM 27.8 26.3 8.1 6.6 ‐1.5 ‐0.1 ‐1.027
11:51:26 AM 27.8 26.3 2.8 4.0 1.2 5.2 0.821
11:51:57 AM 27.8 26.3 0.2 2.7 2.5 7.8 1.711
11:52:26 AM 27.8 26.3 0.1 1.4 1.3 7.9 0.890
11:52:56 AM 27.8 26.3 0.1 1.3 1.2 7.9 0.821
11:53:26 AM 27.8 26.3 0.1 1.3 1.2 7.9 0.821
11:53:56 AM 27.8 26.3 0.1 1.7 1.6 7.9 1.095
11:54:26 AM 27.8 26.1 0.1 1.3 1.2 7.9 0.821
11:54:56 AM 27.8 26.2 0.1 0.6 0.5 7.9 0.342
11:55:26 AM 27.8 26.3 0.1 0.7 0.6 7.9 0.411
11:55:56 AM 27.8 26.3 0.1 1.4 1.3 7.9 0.890
11:56:27 AM 27.8 26.3 0.1 1.4 1.3 7.9 0.890
11:56:56 AM 27.7 26.3 0.1 1.5 1.4 7.9 0.958
11:57:27 AM 27.7 26.2 0.1 1.3 1.2 7.9 0.821
11:57:56 AM 27.8 26.3 0.1 1.2 1.1 7.9 0.753
11:58:26 AM 27.8 26.3 0.2 1.1 0.9 7.8 0.616





[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
11:59:26 AM 27.7 26.3 0.3 1.5 1.2 7.7 0.821
11:59:58 AM 27.8 26.3 0.4 1.8 1.4 7.6 0.958
12:00:28 PM 27.7 26.3 0.5 2.0 1.5 7.5 1.027
12:00:58 PM 27.7 26.3 0.6 2.1 1.5 7.4 1.027
12:01:28 PM 27.8 26.3 0.7 2.2 1.5 7.3 1.027
12:01:58 PM 27.7 26.3 0.9 2.4 1.5 7.1 1.027
12:02:28 PM 27.7 26.3 1.1 2.5 1.4 6.9 0.958
12:02:58 PM 27.8 26.3 1.3 2.7 1.4 6.7 0.958
12:03:28 PM 27.7 26.3 1.4 2.8 1.4 6.6 0.958
12:03:58 PM 27.7 26.3 1.5 2.8 1.3 6.5 0.890
12:04:28 PM 27.7 26.3 1.5 3.1 1.6 6.5 1.095
12:04:58 PM 27.7 26.3 1.7 3.2 1.5 6.3 1.027
12:05:28 PM 27.7 26.3 1.9 3.3 1.4 6.1 0.958
12:05:58 PM 27.7 26.3 2.0 3.4 1.4 6.0 0.958
12:06:28 PM 27.7 26.3 2.2 3.5 1.3 5.8 0.890
12:06:58 PM 27.7 26.3 2.3 3.6 1.3 5.7 0.890
12:07:28 PM 27.7 26.3 2.5 3.8 1.3 5.5 0.890
12:07:58 PM 27.7 26.3 2.7 3.9 1.2 5.3 0.821
12:08:28 PM 27.7 26.3 2.8 3.9 1.1 5.2 0.753
12:08:58 PM 27.7 26.3 2.9 4.1 1.2 5.1 0.821
12:09:28 PM 27.7 26.3 3.1 4.2 1.1 4.9 0.753
12:09:58 PM 27.7 26.3 3.2 4.2 1.0 4.8 0.685
12:10:28 PM 27.7 26.3 3.3 4.3 1.0 4.7 0.685
12:10:58 PM 27.7 26.3 3.4 4.4 1.0 4.6 0.685
12:11:28 PM 27.7 26.3 3.5 4.5 1.0 4.5 0.685
12:11:58 PM 27.7 26.3 3.7 4.6 0.9 4.3 0.616
12:12:28 PM 27.7 26.3 3.8 4.7 0.9 4.2 0.616
12:12:58 PM 27.7 26.3 3.8 4.8 1.0 4.2 0.685
12:13:28 PM 27.7 26.3 3.9 4.9 1.0 4.1 0.685
12:13:58 PM 27.7 26.3 4.1 5.0 0.9 3.9 0.616
12:14:28 PM 27.6 26.3 4.2 5.0 0.8 3.8 0.548
12:15:00 PM 27.7 26.3 4.2 5.0 0.8 3.8 0.548
12:15:30 PM 27.7 26.3 4.4 5.2 0.8 3.6 0.548
12:16:00 PM 27.6 26.4 4.5 5.3 0.8 3.5 0.548





[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
12:17:00 PM 27.6 26.4 4.6 5.4 0.8 3.4 0.548
12:17:29 PM 27.6 26.4 4.7 5.5 0.8 3.3 0.548
12:17:59 PM 27.6 26.3 4.8 5.5 0.7 3.2 0.479
12:18:29 PM 27.6 26.3 4.9 5.5 0.6 3.1 0.411
12:18:59 PM 27.6 26.3 5.0 5.6 0.6 3.0 0.411
12:19:29 PM 27.6 26.4 5.0 5.7 0.7 3.0 0.479
12:19:59 PM 27.6 26.3 5.1 5.8 0.7 2.9 0.479
12:20:29 PM 27.6 26.3 5.2 5.8 0.6 2.8 0.411
12:20:59 PM 27.6 26.3 5.2 5.9 0.7 2.8 0.479
12:21:29 PM 27.6 26.3 5.3 5.9 0.6 2.7 0.411
12:21:59 PM 27.6 26.3 5.4 6.0 0.6 2.6 0.411
12:22:29 PM 27.6 26.3 5.5 6.0 0.5 2.5 0.342
12:22:59 PM 27.6 26.3 5.5 6.1 0.6 2.5 0.411
12:23:29 PM 27.6 26.3 5.6 6.1 0.5 2.4 0.342
12:23:59 PM 27.6 26.4 5.6 6.2 0.6 2.4 0.411
12:24:29 PM 27.6 26.3 5.7 6.2 0.5 2.3 0.342
12:24:59 PM 27.6 26.3 5.7 6.3 0.6 2.3 0.411
12:25:30 PM 27.6 26.3 5.8 6.3 0.5 2.2 0.342
12:25:59 PM 27.6 26.3 5.9 6.4 0.5 2.1 0.342
12:26:30 PM 27.6 26.3 5.9 6.4 0.5 2.1 0.342
12:26:59 PM 27.6 26.3 6.0 6.5 0.5 2.0 0.342
12:27:30 PM 27.6 26.3 6.0 6.5 0.5 2.0 0.342
12:27:59 PM 27.6 26.3 6.1 6.5 0.4 1.9 0.274
12:28:30 PM 27.6 26.4 6.1 6.6 0.5 1.9 0.342
12:29:01 PM 27.6 26.4 6.2 6.6 0.4 1.8 0.274
12:29:31 PM 27.6 26.4 6.2 6.7 0.5 1.8 0.342
12:30:01 PM 27.6 26.4 6.3 6.7 0.4 1.7 0.274
12:30:31 PM 27.6 26.4 6.3 6.7 0.4 1.7 0.274
12:31:01 PM 27.6 26.4 6.4 6.8 0.4 1.6 0.274
12:31:31 PM 27.6 26.4 6.4 6.8 0.4 1.6 0.274
12:32:01 PM 27.6 26.4 6.5 6.8 0.3 1.5 0.205
12:32:31 PM 27.6 26.4 6.5 6.9 0.4 1.5 0.274
12:33:01 PM 27.5 26.4 6.5 6.9 0.4 1.5 0.274
12:33:31 PM 27.5 26.4 6.6 6.9 0.3 1.4 0.205





[mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
12:34:31 PM 27.5 26.4 6.7 7.0 0.3 1.3 0.205
12:35:01 PM 27.5 26.4 6.7 7.0 0.3 1.3 0.205
12:35:31 PM 27.6 26.4 6.7 7.1 0.4 1.3 0.274
12:36:01 PM 27.5 26.4 6.8 7.1 0.3 1.2 0.205
12:36:31 PM 27.5 26.3 6.8 7.1 0.3 1.2 0.205
12:37:01 PM 27.5 26.4 6.8 7.1 0.3 1.2 0.205
12:37:31 PM 27.5 26.4 6.9 7.2 0.3 1.1 0.205
12:38:01 PM 27.5 26.4 6.9 7.2 0.3 1.1 0.205
12:38:31 PM 27.5 26.4 6.9 7.2 0.3 1.1 0.205
12:39:01 PM 27.5 26.4 7.0 7.2 0.2 1.0 0.137
12:39:31 PM 27.5 26.4 7.0 7.3 0.3 1.0 0.205
12:40:01 PM 27.6 26.4 7.0 7.3 0.3 1.0 0.205
12:40:31 PM 27.5 26.4 7.0 7.3 0.3 1.0 0.205
12:41:01 PM 27.5 26.4 7.1 7.3 0.2 0.9 0.137
12:41:31 PM 27.5 26.4 7.1 7.4 0.3 0.9 0.205
12:42:01 PM 27.5 26.4 7.1 7.4 0.3 0.9 0.205
12:42:32 PM 27.5 26.4 7.2 7.4 0.2 0.8 0.137
12:43:02 PM 27.5 26.4 7.2 7.4 0.2 0.8 0.137
12:43:32 PM 27.5 26.4 7.2 7.4 0.2 0.8 0.137
12:44:02 PM 27.5 26.4 7.2 7.4 0.2 0.8 0.137
12:44:32 PM 27.5 26.4 7.3 7.5 0.2 0.7 0.137
12:45:02 PM 27.5 26.4 7.3 7.5 0.2 0.7 0.137
12:45:32 PM 27.5 26.4 7.3 7.5 0.2 0.7 0.137
12:46:02 PM 27.5 26.4 7.3 7.5 0.2 0.7 0.137
12:46:32 PM 27.5 26.4 7.4 7.5 0.1 0.6 0.068
12:47:02 PM 27.5 26.4 7.4 7.6 0.2 0.6 0.137
12:47:32 PM 27.5 26.4 7.4 7.6 0.2 0.6 0.137
12:48:02 PM 27.5 26.4 7.4 7.6 0.2 0.6 0.137
12:48:32 PM 27.5 26.3 7.4 7.6 0.2 0.6 0.137
12:49:02 PM 27.5 26.4 7.5 7.6 0.1 0.5 0.068
12:49:32 PM 27.5 26.4 7.5 7.6 0.1 0.5 0.068
12:50:02 PM 27.5 26.4 7.5 7.6 0.1 0.5 0.068
12:50:32 PM 27.5 26.4 7.5 7.7 0.2 0.5 0.137
12:51:02 PM 27.5 26.4 7.5 7.7 0.2 0.5 0.137





[mg l‐1] C  ‐ C C OTR 





12:52:02 PM 27.5 26.4 7.6 7.7 0.1 0.4 0.068
12:52:32 PM 27.5 26.4 7.6 7.7 0.1 0.4 0.068
12:53:02 PM 27.5 26.4 7.6 7.7 0.1 0.4 0.068
12:53:32 PM 27.5 26.4 7.6 7.7 0.1 0.4 0.068
12:54:02 PM 27.5 26.4 7.6 7.7 0.1 0.4 0.068
12:54:32 PM 27.5 26.4 7.6 7.7 0.1 0.4 0.068
12:55:02 PM 27.5 26.4 7.6 7.8 0.2 0.4 0.137
12:55:33 PM 27.5 26.4 7.7 7.8 0.1 0.3 0.068
12:56:04 PM 27.5 26.4 7.7 7.8 0.1 0.3 0.068
12:56:33 PM 27.5 26.4 7.7 7.8 0.1 0.3 0.068
12:57:04 PM 27.5 26.4 7.7 7.8 0.1 0.3 0.068
12:57:33 PM 27.5 26.4 7.7 7.8 0.1 0.3 0.068
12:58:04 PM 27.5 26.4 7.7 7.8 0.1 0.3 0.068
12:58:33 PM 27.5 26.4 7.8 7.8 0.0 0.2 0.000
12:59:04 PM 27.5 26.4 7.8 7.9 0.1 0.2 0.068
12:59:33 PM 27.5 26.4 7.8 7.9 0.1 0.2 0.068
1:00:04 PM 27.5 26.4 7.8 7.9 0.1 0.2 0.068
1:00:33 PM 27.5 26.4 7.8 7.9 0.1 0.2 0.068
1:01:04 PM 27.5 26.4 7.8 7.9 0.1 0.2 0.068


















2:50 PM 20.06 2.37 507.85













1:55 PM 20.06 2.56 470.16
2:30 PM 20.06 2.33 516.57























[kg O  day‐1]Time Inlet  Outlet Inlet  Outlet 2
1:55:00 PM 27.6 26.5 8.2 8.2 0.0 ‐0.2 0.000
1:55:31 PM 27.6 26.5 8.2 8.2 0.0 ‐0.2 0.000
1:56:00 PM 27.6 26.5 8.2 8.2 0.0 ‐0.2 0.000
1:56:31 PM 27.6 26.5 8.2 8.2 0.0 ‐0.2 0.000
1:57:00 PM 27.6 26.5 8.2 8.2 0.0 ‐0.2 0.000
1:57:31 PM 27.6 26.5 7.2 4.4 ‐2.8 0.8 ‐2.009
1:58:00 PM 27.6 26.5 4.5 0.7 ‐3.8 3.5 ‐2.726
1:58:31 PM 27.6 26.5 0.2 2.6 2.4 7.8 1.722
1:59:00 PM 27.6 26.5 0.2 5.2 5.0 7.8 3.587
1:59:31 PM 27.6 26.5 0.1 2.2 2.1 7.9 1.507
2:00:00 PM 27.6 26.5 0.1 3.7 3.6 7.9 2.583
2:00:31 PM 27.6 26.5 0.1 3.8 3.7 7.9 2.654
2:01:00 PM 27.6 26.5 0.1 1.9 1.8 7.9 1.291
2:01:31 PM 27.6 26.5 0.1 2.9 2.8 7.9 2.009
2:02:00 PM 27.6 26.5 0.1 1.7 1.6 7.9 1.148
2:02:31 PM 27.6 26.5 0.1 0.5 0.4 7.9 0.287
2:03:00 PM 27.6 26.5 0.1 1.1 1.0 7.9 0.717
2:03:31 PM 27.6 26.5 0.1 0.2 0.1 7.9 0.072
2:04:02 PM 27.6 26.5 0.1 0.1 0.0 7.9 0.000
2:04:32 PM 27.6 26.5 0.1 0.2 0.1 7.9 0.072
2:05:02 PM 27.6 26.5 0.1 0.8 0.7 7.9 0.502
2:05:32 PM 27.6 26.5 0.1 0.8 0.7 7.9 0.502










Time Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg O2 day ]
2:06:32 PM 27.6 26.5 0.3 1.1 0.8 7.7 0.574
2:07:02 PM 27.6 26.5 0.2 1.1 0.9 7.8 0.646
2:07:32 PM 27.6 26.5 0.4 1.4 1.0 7.6 0.717
2:08:02 PM 27.6 26.5 0.4 1.5 1.1 7.6 0.789
2:08:32 PM 27.5 26.5 0.3 1.6 1.3 7.7 0.933
2:09:02 PM 27.5 26.5 0.2 1.7 1.5 7.8 1.076
2:09:32 PM 27.5 26.5 0.3 1.9 1.6 7.7 1.148
2:10:02 PM 27.5 26.5 0.5 2.0 1.5 7.5 1.076
2:10:32 PM 27.5 26.5 0.5 2.2 1.7 7.5 1.220
2:11:02 PM 27.5 26.5 0.5 2.3 1.8 7.5 1.291
2:11:32 PM 27.5 26.5 0.7 2.5 1.8 7.3 1.291
2:12:02 PM 27.5 26.5 0.8 2.6 1.8 7.2 1.291
2:12:32 PM 27.5 26.5 1.1 2.6 1.5 6.9 1.076
2:13:02 PM 27.5 26.5 1.2 2.7 1.5 6.8 1.076
2:13:34 PM 27.5 26.5 1.4 3.1 1.7 6.6 1.220
2:14:03 PM 27.5 26.5 1.6 3.2 1.6 6.4 1.148
2:14:33 PM 27.5 26.5 1.8 3.3 1.5 6.2 1.076
2:15:03 PM 27.5 26.5 1.9 3.4 1.5 6.1 1.076
2:15:33 PM 27.5 26.5 2.0 3.5 1.5 6.0 1.076
2:16:03 PM 27.5 26.5 2.3 3.7 1.4 5.7 1.004
2:16:33 PM 27.5 26.5 2.5 3.7 1.2 5.5 0.861
2:17:03 PM 27.5 26.5 2.6 3.8 1.2 5.4 0.861
2:17:33 PM 27.5 26.5 2.7 4.0 1.3 5.3 0.933
2:18:03 PM 27.5 26.5 2.9 4.0 1.1 5.1 0.789
2:18:33 PM 27.5 26.5 3.0 4.1 1.1 5.0 0.789
2:19:03 PM 27.4 26.5 3.1 4.2 1.1 4.9 0.789
2:19:33 PM 27.5 26.5 3.2 4.3 1.1 4.8 0.789
2:20:03 PM 27.5 26.5 3.4 4.5 1.1 4.6 0.789
2:20:33 PM 27.5 26.5 3.6 4.5 0.9 4.4 0.646
2:21:03 PM 27.5 26.5 3.7 4.5 0.8 4.3 0.574
2:21:33 PM 27.4 26.5 3.8 4.7 0.9 4.2 0.646
2:22:03 PM 27.4 26.5 3.8 4.7 0.9 4.2 0.646
2:22:33 PM 27.4 26.5 3.9 4.9 1.0 4.1 0.717
2:23:05 PM 27.5 26.5 4.1 5.0 0.9 3.9 0.646










Time Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg O2 day ]
2:24:05 PM 27.4 26.5 4.3 5.1 0.8 3.7 0.574
2:24:35 PM 27.5 26.5 4.4 5.2 0.8 3.6 0.574
2:25:05 PM 27.5 26.5 4.5 5.2 0.7 3.5 0.502
2:25:35 PM 27.5 26.5 4.5 5.3 0.8 3.5 0.574
2:26:05 PM 27.5 26.6 4.6 5.4 0.8 3.4 0.574
2:26:35 PM 27.5 26.6 4.7 5.4 0.7 3.3 0.502
2:27:05 PM 27.4 26.5 4.8 5.5 0.7 3.2 0.502
2:27:35 PM 27.4 26.5 4.9 5.6 0.7 3.1 0.502
2:28:05 PM 27.4 26.6 4.9 5.6 0.7 3.1 0.502
2:28:35 PM 27.5 26.6 5.0 5.7 0.7 3.0 0.502
2:29:05 PM 27.4 26.5 5.1 5.8 0.7 2.9 0.502
2:29:35 PM 27.4 26.5 5.2 5.8 0.6 2.8 0.430
2:30:05 PM 27.4 26.5 5.2 5.9 0.7 2.8 0.502
2:30:35 PM 27.4 26.5 5.3 5.9 0.6 2.7 0.430
2:31:05 PM 27.4 26.6 5.4 5.9 0.5 2.6 0.359
2:31:35 PM 27.4 26.6 5.4 6.0 0.6 2.6 0.430
2:32:06 PM 27.4 26.6 5.5 6.1 0.6 2.5 0.430
2:32:36 PM 27.4 26.6 5.6 6.2 0.6 2.4 0.430
2:33:06 PM 27.4 26.5 5.7 6.2 0.5 2.3 0.359
2:33:36 PM 27.4 26.6 5.7 6.2 0.5 2.3 0.359
2:34:06 PM 27.5 26.6 5.8 6.3 0.5 2.2 0.359
2:34:36 PM 27.4 26.6 5.8 6.3 0.5 2.2 0.359
2:35:06 PM 27.4 26.6 5.9 6.3 0.4 2.1 0.287
2:35:36 PM 27.4 26.6 5.9 6.4 0.5 2.1 0.359
2:36:06 PM 27.4 26.6 6.0 6.4 0.4 2.0 0.287
2:36:36 PM 27.4 26.6 6.0 6.5 0.5 2.0 0.359
2:37:06 PM 27.4 26.6 6.1 6.5 0.4 1.9 0.287
2:37:36 PM 27.4 26.6 6.1 6.6 0.5 1.9 0.359
2:38:06 PM 27.4 26.6 6.2 6.6 0.4 1.8 0.287
2:38:36 PM 27.4 26.6 6.2 6.6 0.4 1.8 0.287
2:39:06 PM 27.4 26.6 6.3 6.7 0.4 1.7 0.287
2:39:36 PM 27.5 26.6 6.3 6.7 0.4 1.7 0.287
2:40:06 PM 27.4 26.6 6.4 6.7 0.3 1.6 0.215
2:40:37 PM 27.5 26.6 6.4 6.8 0.4 1.6 0.287
2:52:09 PM 27.4 26.6 7.2 7.4 0.2 0.8 0.143
20.3 cm air‐lift_Trial 2_7/26/2007 (continued)
Dissolved Oxygen 
Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
2:41:37 PM 27.5 26.6 6.5 6.9 0.4 1.5 0.287
2:42:08 PM 27.4 26.6 6.6 6.9 0.3 1.4 0.215
2:42:37 PM 27.5 26.6 6.6 6.9 0.3 1.4 0.215
2:43:08 PM 27.4 26.6 6.7 6.9 0.2 1.3 0.143
2:43:37 PM 27.4 26.6 6.7 7.0 0.3 1.3 0.215
2:44:08 PM 27.4 26.6 6.7 7.0 0.3 1.3 0.215
2:44:37 PM 27.4 26.6 6.8 7.0 0.2 1.2 0.143
2:45:08 PM 27.4 26.6 6.8 7.1 0.3 1.2 0.215
2:45:37 PM 27.4 26.6 6.8 7.1 0.3 1.2 0.215
2:46:08 PM 27.4 26.6 6.8 7.1 0.3 1.2 0.215
2:46:37 PM 27.4 26.6 6.9 7.1 0.2 1.1 0.143
2:47:08 PM 27.4 26.6 6.9 7.2 0.3 1.1 0.215
2:47:37 PM 27.4 26.6 6.9 7.2 0.3 1.1 0.215
2:48:08 PM 27.4 26.6 7.0 7.2 0.2 1.0 0.143
2:48:39 PM 27.5 26.6 7.0 7.2 0.2 1.0 0.143
2:49:09 PM 27.4 26.6 7.1 7.2 0.1 0.9 0.072
2:49:39 PM 27.4 26.6 7.1 7.3 0.2 0.9 0.143
2:50:09 PM 27.5 26.6 7.1 7.3 0.2 0.9 0.143
2:50:39 PM 27.4 26.6 7.1 7.3 0.2 0.9 0.143
2:51:09 PM 27.5 26.6 7.1 7.3 0.2 0.9 0.143
2:51:39 PM 27.5 26.6 7.2 7.3 0.1 0.8 0.072
160
11:00 AM 20.06 2.38 505.71











9:50 AM 20.06 2.31 521.04
10:30 AM 20.06 2.46 489.27
Lift 30 cm QL,ave  505.34 l min
‐1






Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
9:58:18 AM 27.7 26.5 8.2 8.3 0.1 ‐0.2 0.073
9:58:49 AM 27.8 26.5 8.2 8.2 0.0 ‐0.2 0.000
9:59:18 AM 27.8 26.5 8.2 8.2 0.0 ‐0.2 0.000
9:59:48 AM 27.7 26.5 8.2 8.3 0.1 ‐0.2 0.073
10:00:19 AM 27.8 26.5 8.2 8.2 0.0 ‐0.2 0.000
10:00:48 AM 27.7 26.5 8.2 8.2 0.0 ‐0.2 0.000
10:01:18 AM 27.7 26.5 8.1 8.2 0.1 ‐0.1 0.073
10:01:48 AM 27.7 26.5 0.6 2.3 1.7 7.4 1.237
10:02:18 AM 27.7 26.5 0.2 1.3 1.1 7.8 0.800
10:02:48 AM 27.8 26.5 0.1 2.1 2.0 7.9 1.455
10:03:18 AM 27.7 26.5 0.1 3.3 3.2 7.9 2.329
10:03:49 AM 27.7 26.5 0.1 2.8 2.7 7.9 1.965
10:04:18 AM 27.7 26.5 0.1 1.9 1.8 7.9 1.310
10:04:48 AM 27.7 26.5 0.1 0.9 0.8 7.9 0.582
10:05:18 AM 27.8 26.5 0.1 1.1 1.0 7.9 0.728
10:05:49 AM 27.7 26.5 0.1 2.2 2.1 7.9 1.528
10:06:18 AM 27.7 26.5 0.1 1.3 1.2 7.9 0.873
10:06:48 AM 27.7 26.5 0.1 0.7 0.6 7.9 0.437
10:07:18 AM 27.7 26.6 0.1 1.2 1.1 7.9 0.800
10:07:48 AM 27.7 26.6 0.1 0.8 0.7 7.9 0.509
10:08:18 AM 27.7 26.5 0.1 0.6 0.5 7.9 0.364
10:08:50 AM 27.7 26.6 0.1 0.7 0.6 7.9 0.437




Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
10:09:50 AM 27.7 26.6 0.1 0.5 0.4 7.9 0.291
10:10:20 AM 27.7 26.6 0.1 0.2 0.1 7.9 0.073
10:10:50 AM 27.7 26.6 0.1 0.5 0.4 7.9 0.291
10:11:20 AM 27.7 26.6 0.1 0.4 0.3 7.9 0.218
10:11:50 AM 27.7 26.6 0.1 0.8 0.7 7.9 0.509
10:12:20 AM 27.7 26.6 0.1 0.8 0.7 7.9 0.509
10:12:50 AM 27.6 26.6 0.1 1.0 0.9 7.9 0.655
10:13:20 AM 27.7 26.6 0.1 1.1 1.0 7.9 0.728
10:13:50 AM 27.6 26.6 0.2 1.1 0.9 7.8 0.655
10:14:20 AM 27.7 26.6 0.3 1.4 1.1 7.7 0.800
10:14:50 AM 27.7 26.6 0.5 1.5 1.0 7.5 0.728
10:15:20 AM 27.7 26.6 0.7 1.8 1.1 7.3 0.800
10:15:50 AM 27.7 26.6 0.8 1.9 1.1 7.2 0.800
10:16:20 AM 27.7 26.6 1.0 2.0 1.0 7.0 0.728
10:16:50 AM 27.6 26.6 1.2 2.1 0.9 6.8 0.655
10:17:20 AM 27.6 26.6 1.4 2.3 0.9 6.6 0.655
10:17:50 AM 27.7 26.6 1.6 2.5 0.9 6.4 0.655
10:18:20 AM 27.7 26.6 1.8 2.6 0.8 6.2 0.582
10:18:50 AM 27.7 26.6 2.0 2.7 0.7 6.0 0.509
10:19:20 AM 27.6 26.6 2.1 2.9 0.8 5.9 0.582
10:19:50 AM 27.6 26.6 2.3 3.0 0.7 5.7 0.509
10:20:20 AM 27.6 26.6 2.4 3.1 0.7 5.6 0.509
10:20:50 AM 27.6 26.6 2.6 3.3 0.7 5.4 0.509
10:21:20 AM 27.6 26.6 2.7 3.4 0.7 5.3 0.509
10:21:50 AM 27.6 26.6 2.8 3.5 0.7 5.2 0.509
10:22:20 AM 27.5 26.6 3.0 3.6 0.6 5.0 0.437
10:22:51 AM 27.6 26.6 3.1 3.7 0.6 4.9 0.437
10:23:21 AM 27.5 26.6 3.1 3.8 0.7 4.9 0.509
10:23:51 AM 27.6 26.6 3.2 3.9 0.7 4.8 0.509
10:24:21 AM 27.6 26.6 3.3 4.0 0.7 4.7 0.509
10:24:51 AM 27.5 26.6 3.5 4.2 0.7 4.5 0.509
10:25:21 AM 27.6 26.6 3.6 4.2 0.6 4.4 0.437
10:25:51 AM 27.6 26.6 3.7 4.2 0.5 4.3 0.364
10:26:21 AM 27.5 26.6 3.9 4.4 0.5 4.1 0.364




Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
10:27:21 AM 27.5 26.6 4.1 4.6 0.5 3.9 0.364
10:27:51 AM 27.5 26.6 4.1 4.7 0.6 3.9 0.437
10:28:21 AM 27.5 26.6 4.3 4.7 0.4 3.7 0.291
10:28:51 AM 27.5 26.6 4.4 4.8 0.4 3.6 0.291
10:29:21 AM 27.5 26.6 4.5 4.9 0.4 3.5 0.291
10:29:51 AM 27.5 26.6 4.5 5.0 0.5 3.5 0.364
10:30:21 AM 27.5 26.6 4.6 5.1 0.5 3.4 0.364
10:30:51 AM 27.5 26.6 4.8 5.1 0.3 3.2 0.218
10:31:21 AM 27.5 26.6 4.8 5.2 0.4 3.2 0.291
10:31:51 AM 27.5 26.6 4.9 5.3 0.4 3.1 0.291
10:32:21 AM 27.5 26.6 5.0 5.4 0.4 3.0 0.291
10:32:51 AM 27.5 26.6 5.1 5.4 0.3 2.9 0.218
10:33:21 AM 27.5 26.6 5.2 5.5 0.3 2.8 0.218
10:33:51 AM 27.5 26.6 5.2 5.5 0.3 2.8 0.218
10:34:21 AM 27.5 26.6 5.3 5.6 0.3 2.7 0.218
10:34:51 AM 27.5 26.6 5.4 5.7 0.3 2.6 0.218
10:35:21 AM 27.5 26.6 5.4 5.7 0.3 2.6 0.218
10:35:51 AM 27.5 26.6 5.5 5.8 0.3 2.5 0.218
10:36:22 AM 27.5 26.6 5.5 5.8 0.3 2.5 0.218
10:36:52 AM 27.5 26.6 5.6 5.9 0.3 2.4 0.218
10:37:22 AM 27.5 26.6 5.6 6.0 0.4 2.4 0.291
10:37:52 AM 27.5 26.6 5.7 6.0 0.3 2.3 0.218
10:38:22 AM 27.5 26.6 5.8 6.1 0.3 2.2 0.218
10:38:52 AM 27.5 26.6 5.8 6.1 0.3 2.2 0.218
10:39:22 AM 27.5 26.6 5.9 6.1 0.2 2.1 0.146
10:39:52 AM 27.5 26.6 6.0 6.2 0.2 2.0 0.146
10:40:22 AM 27.5 26.6 6.0 6.3 0.3 2.0 0.218
10:40:52 AM 27.5 26.6 6.1 6.3 0.2 1.9 0.146
10:41:22 AM 27.5 26.6 6.1 6.4 0.3 1.9 0.218
10:41:52 AM 27.5 26.6 6.2 6.4 0.2 1.8 0.146
10:42:22 AM 27.5 26.6 6.2 6.4 0.2 1.8 0.146
10:42:52 AM 27.5 26.6 6.3 6.5 0.2 1.7 0.146
10:43:22 AM 27.5 26.6 6.3 6.5 0.2 1.7 0.146
10:43:52 AM 27.5 26.6 6.4 6.6 0.2 1.6 0.146
10:57:54 AM 27.5 26.6 7.3 7.3 0.0 0.7 0.000
deficit




Temperature [°C] [mg l‐1] Cout ‐ Ct Cdeficit OTR 
Time Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg O2 day
‐1]
10:44:52 AM 27.5 26.6 6.4 6.6 0.2 1.6 0.146
10:45:22 AM 27.5 26.6 6.4 6.6 0.2 1.6 0.146
10:45:52 AM 27.5 26.6 6.5 6.7 0.2 1.5 0.146
10:46:22 AM 27.5 26.6 6.5 6.7 0.2 1.5 0.146
10:46:52 AM 27.5 26.6 6.6 6.8 0.2 1.4 0.146
10:47:22 AM 27.5 26.6 6.7 6.8 0.1 1.3 0.073
10:47:52 AM 27.5 26.6 6.7 6.8 0.1 1.3 0.073
10:48:22 AM 27.5 26.6 6.7 6.8 0.1 1.3 0.073
10:48:54 AM 27.5 26.6 6.8 6.9 0.1 1.2 0.073
10:49:23 AM 27.5 26.6 6.8 6.9 0.1 1.2 0.073
10:49:54 AM 27.5 26.6 6.9 6.9 0.0 1.1 0.000
10:50:23 AM 27.5 26.6 6.9 7.0 0.1 1.1 0.073
10:50:54 AM 27.5 26.6 6.9 7.0 0.1 1.1 0.073
10:51:23 AM 27.5 26.6 7.0 7.1 0.1 1.0 0.073
10:51:54 AM 27.5 26.6 7.0 7.1 0.1 1.0 0.073
10:52:23 AM 27.5 26.6 7.0 7.1 0.1 1.0 0.073
10:52:54 AM 27.5 26.6 7.0 7.1 0.1 1.0 0.073
10:53:23 AM 27.5 26.6 7.1 7.1 0.0 0.9 0.000
10:53:54 AM 27.5 26.6 7.1 7.2 0.1 0.9 0.073
10:54:23 AM 27.5 26.6 7.1 7.2 0.1 0.9 0.073
10:54:54 AM 27.4 26.6 7.2 7.2 0.0 0.8 0.000
10:55:23 AM 27.5 26.6 7.2 7.3 0.1 0.8 0.073
10:55:54 AM 27.4 26.6 7.2 7.3 0.1 0.8 0.073
10:56:23 AM 27.5 26.6 7.2 7.3 0.1 0.8 0.073
10:56:54 AM 27.5 26.6 7.3 7.3 0.0 0.7 0.000
10:57:23 AM 27.5 26.6 7.3 7.3 0.0 0.7 0.000
10:58:23 AM 27.5 26.6 7.3 7.4 0.1 0.7 0.073
OTR and C  Linear Regression Summary  at 580 l min‐1 air injectiondeficit
OTR Coefficient 
Air‐lift [cm] Trial  Lift [cm]  Cfor deficit equations
R2




Ave 0.053 0.053 0.045 0.045 0.2068 0.2077







Air‐lift [cm] Trial  Inlet Outlet Inlet Outlet Inlet Outlet
20.3 1 0.053 0.053 0.045 0.045 0.2059 0.2066
20.3 2 0.054 0.053 0.046 0.045 0.2100 0.2053































































9:55 AM 20.06 7.53 159.84 158
10:10 AM 20.06 ‐‐ ‐‐ 154
10:25 AM 20.06 ‐‐ ‐‐ 158
10:45 AM 20.06 7.46 161.34 157
11:05 AM 20.06 ‐‐ ‐‐ 153
11:25 AM 20.06 7.43 161.99 155
11:40 AM 20.06 7.44 161.77 154
Lift 30.5 cm QL,ave  161.24 l min
‐1
Cs  0.5 mg l
‐1 QG,ave  170.00 l min
‐1
FWCO2 44.01 g mol‐1 QG:QL 1.05





[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
9:48:24 AM 26.1 26.1 8.28 8.32 1.67 1.52 0.15 1.17 0.034
9:49:24 AM 26.1 26.1 8.28 8.32 1.67 1.52 0.15 1.17 0.034
9:50:24 AM 26.1 26.1 8.28 8.32 1.67 1.52 0.15 1.17 0.034
9:51:24 AM 26.1 26.1 8.29 8.32 1.63 1.52 0.11 1.13 0.025
9:52:24 AM 26.1 26.1 7.65 7.43 7.13 11.83 ‐4.70 6.63 ‐1.091
9:53:24 AM 26.1 26.1 7.07 7.00 27.10 31.83 ‐4.74 26.60 ‐1.100
9:54:24 AM 26.1 26.1 6.84 6.74 46.02 57.93 ‐11.91 45.52 ‐2.766
9:55:24 AM 26.2 26.1 6.57 6.50 85.68 100.67 ‐14.99 85.18 ‐3.479
9:56:24 AM 26.2 26.1 6.49 6.51 103.01 98.38 4.64 102.51 1.076
9:57:24 AM 26.2 26.1 6.47 6.52 107.87 96.14 11.73 107.37 2.724
9:58:24 AM 26.2 26.1 6.47 6.52 107.87 96.14 11.73 107.37 2.724






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
10:00:24 AM 26.2 26.1 6.47 6.53 107.87 93.95 13.92 107.37 3.232
10:01:24 AM 26.2 26.1 6.47 6.54 107.87 91.81 16.06 107.37 3.728
10:02:24 AM 26.2 26.1 6.48 6.54 105.41 91.81 13.60 104.91 3.158
10:03:24 AM 26.2 26.1 6.48 6.54 105.41 91.81 13.60 104.91 3.158
10:04:24 AM 26.2 26.1 6.49 6.54 103.01 91.81 11.20 102.51 2.601
10:05:24 AM 26.2 26.1 6.49 6.55 103.01 89.72 13.29 102.51 3.086
10:06:24 AM 26.2 26.1 6.50 6.55 100.67 89.72 10.95 100.17 2.542
10:07:24 AM 26.2 26.1 6.50 6.55 100.67 89.72 10.95 100.17 2.542
10:08:24 AM 26.2 26.1 6.50 6.56 100.67 87.68 12.99 100.17 3.016
10:09:24 AM 26.2 26.1 6.50 6.56 100.67 87.68 12.99 100.17 3.016
10:10:24 AM 26.2 26.1 6.51 6.56 98.38 87.68 10.70 97.88 2.484
10:11:24 AM 26.2 26.1 6.51 6.56 98.38 87.68 10.70 97.88 2.484
10:12:24 AM 26.2 26.1 6.51 6.57 98.38 85.68 12.69 97.88 2.947
10:13:24 AM 26.2 26.1 6.52 6.58 96.14 83.73 12.41 95.64 2.880
10:14:24 AM 26.2 26.1 6.52 6.59 96.14 81.83 14.31 95.64 3.323
10:15:24 AM 26.2 26.1 6.52 6.59 96.14 81.83 14.31 95.64 3.323
10:16:24 AM 26.2 26.1 6.53 6.59 93.95 81.83 12.12 93.45 2.815
10:17:24 AM 26.2 26.1 6.53 6.59 93.95 81.83 12.12 93.45 2.815
10:18:24 AM 26.2 26.1 6.53 6.60 93.95 79.96 13.99 93.45 3.247
10:19:24 AM 26.2 26.1 6.54 6.60 91.81 79.96 11.85 91.31 2.751
10:20:24 AM 26.2 26.1 6.54 6.61 91.81 78.14 13.67 91.31 3.173
10:21:24 AM 26.2 26.1 6.54 6.61 91.81 78.14 13.67 91.31 3.173
10:22:24 AM 26.2 26.1 6.55 6.61 89.72 78.14 11.58 89.22 2.688
10:23:24 AM 26.2 26.1 6.55 6.62 89.72 76.37 13.36 89.22 3.101
10:24:24 AM 26.2 26.1 6.55 6.62 89.72 76.37 13.36 89.22 3.101
10:25:24 AM 26.2 26.1 6.56 6.63 87.68 74.63 13.05 87.18 3.030
10:26:24 AM 26.2 26.1 6.56 6.64 87.68 72.93 14.75 87.18 3.425
10:27:24 AM 26.2 26.1 6.56 6.64 87.68 72.93 14.75 87.18 3.425
10:28:24 AM 26.2 26.1 6.57 6.63 85.68 74.63 11.06 85.18 2.567
10:29:24 AM 26.2 26.1 6.57 6.64 85.68 72.93 12.76 85.18 2.961
10:30:24 AM 26.2 26.1 6.58 6.64 83.73 72.93 10.80 83.23 2.509
10:31:24 AM 26.2 26.1 6.58 6.65 83.73 71.27 12.46 83.23 2.894
10:32:24 AM 26.2 26.1 6.58 6.66 83.73 69.65 14.09 83.23 3.271
10:33:24 AM 26.2 26.1 6.59 6.67 81.83 68.06 13.77 81.33 3.196






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
10:35:24 AM 26.2 26.1 6.59 6.67 81.83 68.06 13.77 81.33 3.196
10:36:24 AM 26.2 26.1 6.60 6.67 79.96 68.06 11.90 79.46 2.764
10:37:24 AM 26.2 26.1 6.60 6.66 79.96 69.65 10.32 79.46 2.396
10:38:24 AM 26.2 26.1 6.61 6.67 78.14 68.06 10.08 77.64 2.341
10:39:24 AM 26.2 26.1 6.61 6.68 78.14 66.51 11.63 77.64 2.701
10:40:24 AM 26.2 26.1 6.62 6.68 76.37 66.51 9.85 75.87 2.288
10:41:24 AM 26.2 26.1 6.62 6.69 76.37 65.00 11.37 75.87 2.639
10:42:24 AM 26.2 26.1 6.63 6.69 74.63 65.00 9.63 74.13 2.236
10:43:24 AM 26.2 26.1 6.63 6.70 74.63 63.52 11.11 74.13 2.579
10:44:24 AM 26.2 26.1 6.63 6.69 74.63 65.00 9.63 74.13 2.236
10:45:24 AM 26.2 26.1 6.64 6.70 72.93 63.52 9.41 72.43 2.185
10:46:24 AM 26.2 26.1 6.64 6.70 72.93 63.52 9.41 72.43 2.185
10:47:24 AM 26.2 26.1 6.64 6.73 72.93 59.28 13.65 72.43 3.169
10:48:24 AM 26.2 26.1 6.65 6.73 71.27 59.28 11.99 70.77 2.784
10:49:24 AM 26.2 26.1 6.65 6.73 71.27 59.28 11.99 70.77 2.784
10:50:24 AM 26.2 26.1 6.65 6.73 71.27 59.28 11.99 70.77 2.784
10:51:24 AM 26.2 26.1 6.66 6.74 69.65 57.93 11.72 69.15 2.720
10:52:24 AM 26.2 26.1 6.66 6.74 69.65 57.93 11.72 69.15 2.720
10:53:24 AM 26.2 26.1 6.66 6.74 69.65 57.93 11.72 69.15 2.720
10:54:24 AM 26.2 26.1 6.67 6.75 68.06 56.61 11.45 67.56 2.659
10:55:24 AM 26.2 26.1 6.68 6.75 66.51 56.61 9.90 66.01 2.299
10:56:24 AM 26.2 26.1 6.67 6.76 68.06 55.32 12.74 67.56 2.958
10:57:24 AM 26.2 26.1 6.68 6.76 66.51 55.32 11.19 66.01 2.598
10:58:24 AM 26.2 26.1 6.68 6.77 66.51 54.06 12.45 66.01 2.890
10:59:24 AM 26.2 26.1 6.69 6.77 65.00 54.06 10.94 64.50 2.539
11:00:24 AM 26.2 26.1 6.69 6.77 65.00 54.06 10.94 64.50 2.539
11:01:24 AM 26.2 26.1 6.70 6.77 63.52 54.06 9.46 63.02 2.195
11:02:24 AM 26.2 26.1 6.70 6.78 63.52 52.83 10.69 63.02 2.481
11:03:24 AM 26.2 26.1 6.70 6.78 63.52 52.83 10.69 63.02 2.481
11:04:24 AM 26.2 26.1 6.71 6.78 62.07 52.83 9.24 61.57 2.145
11:05:24 AM 26.2 26.1 6.71 6.77 62.07 54.06 8.01 61.57 1.860
11:06:24 AM 26.2 26.1 6.72 6.79 60.66 51.63 9.03 60.16 2.097
11:07:24 AM 26.2 26.1 6.72 6.80 60.66 50.45 10.21 60.16 2.369
11:08:24 AM 26.2 26.1 6.72 6.80 60.66 50.45 10.21 60.16 2.369






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
11:10:24 AM 26.2 26.1 6.73 6.81 59.28 49.31 9.97 58.78 2.316
11:11:24 AM 26.2 26.1 6.73 6.81 59.28 49.31 9.97 58.78 2.316
11:12:24 AM 26.2 26.1 6.74 6.81 57.93 49.31 8.62 57.43 2.002
11:13:24 AM 26.2 26.1 6.74 6.82 57.93 48.18 9.75 57.43 2.263
11:14:24 AM 26.2 26.1 6.74 6.82 57.93 48.18 9.75 57.43 2.263
11:15:24 AM 26.2 26.1 6.75 6.83 56.61 47.09 9.52 56.11 2.211
11:16:24 AM 26.2 26.1 6.75 6.83 56.61 47.09 9.52 56.11 2.211
11:17:24 AM 26.2 26.1 6.76 6.83 55.32 47.09 8.24 54.82 1.912
11:18:24 AM 26.2 26.1 6.76 6.84 55.32 46.02 9.31 54.82 2.161
11:19:24 AM 26.2 26.1 6.76 6.84 55.32 46.02 9.31 54.82 2.161
11:20:24 AM 26.2 26.2 6.77 6.84 54.06 46.02 8.05 53.56 1.869
11:21:24 AM 26.2 26.2 6.77 6.85 54.06 44.97 9.10 53.56 2.112
11:22:24 AM 26.2 26.2 6.77 6.85 54.06 44.97 9.10 53.56 2.112
11:23:24 AM 26.2 26.2 6.78 6.85 52.83 44.97 7.86 52.33 1.826
11:24:24 AM 26.2 26.2 6.79 6.86 51.63 43.94 7.69 51.13 1.784
11:25:24 AM 26.2 26.2 6.78 6.86 52.83 43.94 8.89 52.33 2.064
11:26:24 AM 26.2 26.2 6.79 6.87 51.63 42.94 8.69 51.13 2.017
11:27:24 AM 26.2 26.2 6.79 6.87 51.63 42.94 8.69 51.13 2.017
11:28:24 AM 26.2 26.2 6.80 6.87 50.45 42.94 7.51 49.95 1.744
11:29:24 AM 26.2 26.2 6.81 6.88 49.31 41.97 7.34 48.81 1.704
11:30:24 AM 26.2 26.2 6.80 6.89 50.45 41.01 9.44 49.95 2.193
11:31:24 AM 26.2 26.2 6.81 6.89 49.31 41.01 8.30 48.81 1.926
11:32:24 AM 26.2 26.2 6.81 6.89 49.31 41.01 8.30 48.81 1.926
11:33:24 AM 26.2 26.2 6.81 6.89 49.31 41.01 8.30 48.81 1.926
11:34:24 AM 26.2 26.2 6.82 6.90 48.18 40.08 8.11 47.68 1.882
11:35:24 AM 26.2 26.2 6.82 6.91 48.18 39.17 9.02 47.68 2.094
11:36:24 AM 26.2 26.2 6.82 6.91 48.18 39.17 9.02 47.68 2.094
11:37:24 AM 26.2 26.2 6.83 6.91 47.09 39.17 7.92 46.59 1.839
11:38:24 AM 26.2 26.2 6.83 6.92 47.09 38.27 8.81 46.59 2.046
11:39:24 AM 26.2 26.2 6.84 6.92 46.02 38.27 7.74 45.52 1.797
11:40:24 AM 26.2 26.2 6.84 6.93 46.02 37.40 8.61 45.52 2.000
11:41:24 AM 26.2 26.2 6.84 6.92 46.02 38.27 7.74 45.52 1.797
11:42:24 AM 26.2 26.2 6.85 6.93 44.97 37.40 7.57 44.47 1.756
11:43:24 AM 26.2 26.2 6.85 6.92 44.97 38.27 6.69 44.47 1.554
11:44:24 AM 26.2 26.2 6.85 6.94 44.97 36.55 8.42 44.47 1.954
170






[mg l‐1] C  ‐ C C CTR 





11:45:24 AM 26.2 26.2 6.85 6.93 44.97 37.40 7.57 44.47 1.756
11:46:24 AM 26.2 26.2 6.86 6.94 43.94 36.55 7.39 43.44 1.717
11:47:24 AM 26.2 26.2 6.87 6.94 42.94 36.55 6.39 42.44 1.484
11:48:24 AM 26.2 26.2 6.87 6.95 42.94 35.72 7.22 42.44 1.677
11:49:24 AM 26.2 26.2 6.87 6.95 42.94 35.72 7.22 42.44 1.677
11:50:24 AM 26.2 26.2 6.87 6.96 42.94 34.91 8.04 42.44 1.866
11:51:24 AM 26.2 26.2 6.88 6.96 41.97 34.91 7.06 41.47 1.639
11:52:24 AM 26.2 26.2 6.88 6.97 41.97 34.11 7.85 41.47 1.824
11:53:24 AM 26.2 26.2 6.89 6.97 41.01 34.11 6.90 40.51 1.602
11:54:24 AM 26.2 26.2 6.89 6.97 41.01 34.11 6.90 40.51 1.602
11:55:24 AM 26.2 26.2 6.89 6.97 41.01 34.11 6.90 40.51 1.602
11:56:24 AM 26.2 26.2 6.90 6.98 40.08 33.33 6.74 39.58 1.565
11:57:24 AM 26.2 26.2 6.90 6.98 40.08 33.33 6.74 39.58 1.565
11:58:24 AM 26.2 26.2 6.91 6.98 39.17 33.33 5.83 38.67 1.354
11:59:24 AM 26.2 26.2 6.91 6.98 39.17 33.33 5.83 38.67 1.354
12:00:24 PM 26.2 26.2 6.91 7.00 39.17 31.83 7.33 38.67 1.702
12:01:24 PM 26.2 26.2 6.92 7.00 38.27 31.83 6.44 37.77 1.495
12:02:24 PM 26.2 26.2 6.92 7.00 38.27 31.83 6.44 37.77 1.495
12:03:24 PM 26.2 26.2 6.93 7.00 37.40 31.83 5.57 36.90 1.293
12:04:24 PM 26.2 26.2 6.93 7.01 37.40 31.11 6.29 36.90 1.461
12:05:24 PM 26.2 26.2 6.93 7.00 37.40 31.83 5.57 36.90 1.293
12:06:24 PM 26.2 26.2 6.93 7.01 37.40 31.11 6.29 36.90 1.461
12:07:24 PM 26.2 26.2 6.94 7.02 36.55 30.40 6.15 36.05 1.428
12:08:24 PM 26.2 26.2 6.94 7.02 36.55 30.40 6.15 36.05 1.428
12:09:24 PM 26.2 26.2 6.94 7.03 36.55 29.71 6.84 36.05 1.588
12:10:24 PM 26.2 26.2 6.95 7.03 35.72 29.71 6.01 35.22 1.395
12:11:24 PM 26.2 26.2 6.95 7.03 35.72 29.71 6.01 35.22 1.395
12:12:24 PM 26.2 26.2 6.95 7.04 35.72 29.03 6.69 35.22 1.552
12:13:24 PM 26.2 26.2 6.96 7.04 34.91 29.03 5.87 34.41 1.363
12:14:24 PM 26.2 26.2 6.96 7.04 34.91 29.03 5.87 34.41 1.363
12:15:24 PM 26.2 26.2 6.97 7.05 34.11 28.37 5.74 33.61 1.332
12:16:24 PM 26.2 26.2 6.97 7.05 34.11 28.37 5.74 33.61 1.332
12:17:24 PM 26.2 26.2 6.98 7.06 33.33 27.73 5.61 32.83 1.302
12:18:24 PM 26.2 26.2 6.98 7.06 33.33 27.73 5.61 32.83 1.302














[kg CO  day‐1]Time Inlet  Outlet Inlet  Outlet Inlet  Outlet 2
12:20:24 PM 26.2 26.2 6.98 7.06 33.33 27.73 5.61 32.83 1.302
12:21:24 PM 26.2 26.2 6.99 7.07 32.58 27.10 5.48 32.08 1.272
12:22:24 PM 26.2 26.2 7.00 7.07 31.83 27.10 4.74 31.33 1.100
12:23:24 PM 26.2 26.2 7.00 7.08 31.83 26.48 5.36 31.33 1.244
12:24:24 PM 26.2 26.2 7.00 7.08 31.83 26.48 5.36 31.33 1.244
12:25:24 PM 26.2 26.2 7.00 7.09 31.83 25.88 5.96 31.33 1.383
12:26:24 PM 26.2 26.2 7.01 7.09 31.11 25.88 5.23 30.61 1.215
12:27:24 PM 26.2 26.2 7.01 7.09 31.11 25.88 5.23 30.61 1.215
12:28:24 PM 26.2 26.2 7.01 7.09 31.11 25.88 5.23 30.61 1.215
12:29:24 PM 26.2 26.2 7.02 7.10 30.40 25.29 5.11 29.90 1.188
12:30:24 PM 26.2 26.2 7.02 7.10 30.40 25.29 5.11 29.90 1.188
12:31:24 PM 26.2 26.2 7.03 7.10 29.71 25.29 4.42 29.21 1.027
12:32:24 PM 26.2 26.2 7.03 7.11 29.71 24.71 5.00 29.21 1.161
12:33:24 PM 26.2 26.2 7.03 7.11 29.71 24.71 5.00 29.21 1.161
12:34:24 PM 26.2 26.2 7.04 7.11 29.03 24.71 4.32 28.53 1.003
12:35:24 PM 26.2 26.2 7.04 7.12 29.03 24.15 4.88 28.53 1.134
12:36:24 PM 26.3 26.2 7.04 7.12 29.03 24.15 4.88 28.53 1.134
12:37:24 PM 26.3 26.2 7.04 7.13 29.03 23.60 5.43 28.53 1.262
12:38:24 PM 26.3 26.2 7.05 7.13 28.37 23.60 4.77 27.87 1.108
12:39:24 PM 26.3 26.2 7.05 7.14 28.37 23.06 5.31 27.87 1.233
12:40:24 PM 26.3 26.2 7.06 7.13 27.73 23.60 4.13 27.23 0.958
12:41:24 PM 26.3 26.2 7.06 7.15 27.73 22.54 5.19 27.23 1.205
12:42:24 PM 26.3 26.2 7.06 7.15 27.73 22.54 5.19 27.23 1.205
12:43:24 PM 26.3 26.2 7.07 7.15 27.10 22.54 4.56 26.60 1.058
12:44:24 PM 26.3 26.2 7.07 7.16 27.10 22.02 5.07 26.60 1.178
12:45:24 PM 26.3 26.2 7.07 7.15 27.10 22.54 4.56 26.60 1.058
12:46:24 PM 26.3 26.2 7.08 7.16 26.48 22.02 4.45 25.98 1.034
12:47:24 PM 26.3 26.2 7.08 7.17 26.48 21.52 4.96 25.98 1.151
12:48:24 PM 26.3 26.2 7.09 7.17 25.88 21.52 4.35 25.38 1.011
12:49:24 PM 26.3 26.2 7.09 7.17 25.88 21.52 4.35 25.38 1.011
12:50:24 PM 26.3 26.2 7.09 7.17 25.88 21.52 4.35 25.38 1.011
12:51:24 PM 26.3 26.2 7.09 7.18 25.88 21.03 4.84 25.38 1.125
12:52:24 PM 26.3 26.2 7.09 7.18 25.88 21.03 4.84 25.38 1.125
12:53:24 PM 26.3 26.2 7.10 7.18 25.29 21.03 4.25 24.79 0.988












Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg CO2 day ]
12:55:24 PM 26.3 26.2 7.11 7.19 24.71 20.55 4.16 24.21 0.965
12:56:24 PM 26.3 26.2 7.11 7.20 24.71 20.09 4.63 24.21 1.074
12:57:24 PM 26.3 26.2 7.12 7.20 24.15 20.09 4.06 23.65 0.943
12:58:24 PM 26.3 26.2 7.12 7.20 24.15 20.09 4.06 23.65 0.943
12:59:24 PM 26.3 26.2 7.12 7.21 24.15 19.63 4.52 23.65 1.049
1:00:24 PM 26.3 26.2 7.13 7.21 23.60 19.63 3.97 23.10 0.922
1:01:24 PM 26.3 26.2 7.13 7.22 23.60 19.18 4.42 23.10 1.026
1:02:24 PM 26.3 26.2 7.13 7.22 23.60 19.18 4.42 23.10 1.026
1:03:24 PM 26.3 26.2 7.14 7.22 23.06 19.18 3.88 22.56 0.901
1:04:24 PM 26.3 26.2 7.14 7.23 23.06 18.75 4.32 22.56 1.002
1:05:24 PM 26.3 26.2 7.15 7.23 22.54 18.75 3.79 22.04 0.880
1:06:24 PM 26.3 26.2 7.14 7.24 23.06 18.32 4.74 22.56 1.101
1:07:24 PM 26.3 26.2 7.15 7.23 22.54 18.75 3.79 22.04 0.880
1:08:24 PM 26.3 26.2 7.15 7.24 22.54 18.32 4.22 22.04 0.979
1:09:24 PM 26.3 26.2 7.16 7.24 22.02 18.32 3.71 21.52 0.860
1:10:24 PM 26.3 26.2 7.17 7.25 21.52 17.90 3.62 21.02 0.841
1:11:24 PM 26.3 26.2 7.17 7.25 21.52 17.90 3.62 21.02 0.841
1:12:24 PM 26.3 26.2 7.17 7.25 21.52 17.90 3.62 21.02 0.841
1:13:24 PM 26.3 26.2 7.17 7.26 21.52 17.49 4.03 21.02 0.935
1:14:24 PM 26.3 26.2 7.18 7.26 21.03 17.49 3.54 20.53 0.822
1:15:24 PM 26.3 26.2 7.18 7.27 21.03 17.10 3.94 20.53 0.914
1:16:24 PM 26.3 26.2 7.19 7.27 20.55 17.10 3.46 20.05 0.803
1:17:24 PM 26.3 26.2 7.18 7.27 21.03 17.10 3.94 20.53 0.914
1:18:24 PM 26.3 26.2 7.19 7.27 20.55 17.10 3.46 20.05 0.803
1:19:24 PM 26.3 26.2 7.20 7.28 20.09 16.71 3.38 19.59 0.785
1:20:24 PM 26.3 26.2 7.20 7.28 20.09 16.71 3.38 19.59 0.785
1:21:24 PM 26.3 26.2 7.20 7.29 20.09 16.33 3.76 19.59 0.873
1:22:24 PM 26.3 26.2 7.20 7.29 20.09 16.33 3.76 19.59 0.873
1:23:24 PM 26.3 26.2 7.20 7.29 20.09 16.33 3.76 19.59 0.873
1:24:24 PM 26.3 26.2 7.21 7.29 19.63 16.33 3.30 19.13 0.767
1:25:24 PM 26.3 26.2 7.21 7.30 19.63 15.96 3.67 19.13 0.853
1:26:24 PM 26.3 26.2 7.22 7.30 19.18 15.96 3.23 18.68 0.749
1:27:24 PM 26.3 26.2 7.22 7.31 19.18 15.59 3.59 18.68 0.834
1:28:24 PM 26.3 26.2 7.22 7.30 19.18 15.96 3.23 18.68 0.749












Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg CO2 day ]
1:30:24 PM 26.3 26.2 7.23 7.32 18.75 15.24 3.51 18.25 0.815
1:31:24 PM 26.3 26.2 7.23 7.32 18.75 15.24 3.51 18.25 0.815
1:32:24 PM 26.3 26.2 7.24 7.32 18.32 15.24 3.08 17.82 0.716
1:33:24 PM 26.3 26.2 7.24 7.32 18.32 15.24 3.08 17.82 0.716
1:34:24 PM 26.3 26.2 7.24 7.33 18.32 14.89 3.43 17.82 0.796
1:35:24 PM 26.3 26.2 7.25 7.33 17.90 14.89 3.01 17.40 0.699
1:36:24 PM 26.3 26.2 7.25 7.34 17.90 14.55 3.35 17.40 0.778
1:37:24 PM 26.3 26.2 7.26 7.35 17.49 14.22 3.27 16.99 0.760
1:38:24 PM 26.3 26.3 7.26 7.35 17.49 14.22 3.27 16.99 0.760
1:39:24 PM 26.3 26.3 7.26 7.35 17.49 14.22 3.27 16.99 0.760
1:40:24 PM 26.3 26.3 7.27 7.36 17.10 13.90 3.20 16.60 0.743
1:41:24 PM 26.3 26.3 7.27 7.35 17.10 14.22 2.88 16.60 0.668
1:42:24 PM 26.3 26.3 7.27 7.36 17.10 13.90 3.20 16.60 0.743
1:43:24 PM 26.3 26.3 7.28 7.36 16.71 13.90 2.81 16.21 0.653
1:44:24 PM 26.3 26.3 7.28 7.36 16.71 13.90 2.81 16.21 0.653
1:45:24 PM 26.3 26.3 7.28 7.37 16.71 13.58 3.13 16.21 0.726
1:46:24 PM 26.3 26.3 7.28 7.37 16.71 13.58 3.13 16.21 0.726
1:47:24 PM 26.3 26.3 7.28 7.37 16.71 13.58 3.13 16.21 0.726
1:48:24 PM 26.3 26.3 7.29 7.37 16.33 13.58 2.75 15.83 0.638
1:49:24 PM 26.3 26.3 7.29 7.38 16.33 13.27 3.06 15.83 0.710
1:50:24 PM 26.3 26.3 7.30 7.38 15.96 13.27 2.68 15.46 0.623
1:51:24 PM 26.3 26.3 7.30 7.38 15.96 13.27 2.68 15.46 0.623
1:52:24 PM 26.3 26.3 7.30 7.39 15.96 12.97 2.99 15.46 0.693
1:53:24 PM 26.3 26.3 7.31 7.39 15.59 12.97 2.62 15.09 0.609
1:54:24 PM 26.3 26.3 7.31 7.39 15.59 12.97 2.62 15.09 0.609
1:55:24 PM 26.3 26.3 7.31 7.39 15.59 12.97 2.62 15.09 0.609
1:56:24 PM 26.3 26.3 7.31 7.40 15.59 12.67 2.92 15.09 0.678
1:57:24 PM 26.3 26.3 7.32 7.40 15.24 12.67 2.56 14.74 0.595
1:58:24 PM 26.3 26.3 7.32 7.40 15.24 12.67 2.56 14.74 0.595
1:59:24 PM 26.3 26.3 7.32 7.40 15.24 12.67 2.56 14.74 0.595
2:00:24 PM 26.3 26.3 7.32 7.41 15.24 12.39 2.85 14.74 0.662
2:01:24 PM 26.3 26.3 7.33 7.41 14.89 12.39 2.51 14.39 0.582
2:02:24 PM 26.3 26.3 7.33 7.41 14.89 12.39 2.51 14.39 0.582
2:03:24 PM 26.3 26.3 7.34 7.41 14.55 12.39 2.17 14.05 0.503





[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
2:05:24 PM 26.3 26.3 7.34 7.42 14.55 12.10 2.45 14.05 0.568
2:06:24 PM 26.3 26.3 7.34 7.42 14.55 12.10 2.45 14.05 0.568
2:07:24 PM 26.3 26.3 7.35 7.42 14.22 12.10 2.12 13.72 0.491
2:08:24 PM 26.3 26.3 7.35 7.43 14.22 11.83 2.39 13.72 0.555
2:09:24 PM 26.3 26.3 7.35 7.43 14.22 11.83 2.39 13.72 0.555
2:10:24 PM 26.3 26.3 7.35 7.43 14.22 11.83 2.39 13.72 0.555
2:11:24 PM 26.3 26.3 7.36 7.43 13.90 11.83 2.07 13.40 0.480
2:12:24 PM 26.3 26.3 7.36 7.44 13.90 11.56 2.34 13.40 0.543
2:13:24 PM 26.3 26.3 7.36 7.44 13.90 11.56 2.34 13.40 0.543
2:14:24 PM 26.3 26.3 7.36 7.44 13.90 11.56 2.34 13.40 0.543
2:15:24 PM 26.3 26.3 7.37 7.44 13.58 11.56 2.02 13.08 0.469
2:16:24 PM 26.3 26.3 7.37 7.44 13.58 11.56 2.02 13.08 0.469
2:17:24 PM 26.3 26.3 7.37 7.45 13.58 11.30 2.28 13.08 0.530
2:18:24 PM 26.3 26.3 7.38 7.45 13.27 11.30 1.98 12.77 0.459
2:19:24 PM 26.3 26.3 7.38 7.45 13.27 11.30 1.98 12.77 0.459
2:20:24 PM 26.3 26.3 7.38 7.46 13.27 11.04 2.23 12.77 0.518
2:21:24 PM 26.3 26.3 7.39 7.46 12.97 11.04 1.93 12.47 0.448
2:22:24 PM 26.3 26.3 7.39 7.46 12.97 11.04 1.93 12.47 0.448
2:23:24 PM 26.3 26.3 7.39 7.46 12.97 11.04 1.93 12.47 0.448
2:24:24 PM 26.3 26.3 7.39 7.47 12.97 10.79 2.18 12.47 0.507
2:25:24 PM 26.3 26.3 7.40 7.47 12.67 10.79 1.89 12.17 0.438
2:26:24 PM 26.3 26.3 7.40 7.47 12.67 10.79 1.89 12.17 0.438
2:27:24 PM 26.3 26.3 7.40 7.47 12.67 10.79 1.89 12.17 0.438
2:28:24 PM 26.3 26.3 7.41 7.47 12.39 10.79 1.60 11.89 0.371
2:29:24 PM 26.3 26.3 7.41 7.48 12.39 10.54 1.84 11.89 0.428
2:30:24 PM 26.3 26.3 7.41 7.48 12.39 10.54 1.84 11.89 0.428
2:31:24 PM 26.3 26.3 7.41 7.48 12.39 10.54 1.84 11.89 0.428
2:32:24 PM 26.3 26.3 7.42 7.48 12.10 10.54 1.56 11.60 0.363
2:33:24 PM 26.3 26.3 7.42 7.49 12.10 10.30 1.80 11.60 0.418
2:34:24 PM 26.3 26.3 7.42 7.49 12.10 10.30 1.80 11.60 0.418
2:35:24 PM 26.3 26.3 7.42 7.49 12.10 10.30 1.80 11.60 0.418
2:36:24 PM 26.3 26.3 7.43 7.50 11.83 10.07 1.76 11.33 0.409
2:37:24 PM 26.3 26.3 7.43 7.50 11.83 10.07 1.76 11.33 0.409
2:38:24 PM 26.3 26.3 7.43 7.50 11.83 10.07 1.76 11.33 0.409
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10:30 PM 20.06 7.22 166.70 154
Vtank 7231.6 liters Alkalinity  155 mg CaCO3 l
‐1













‐1[liters] [sec] [l min ] [mg l ]
7:30 PM 20.06 7.25 166.01 155
7:45 PM 20.06 ‐‐ ‐‐ ‐‐
8:15 PM 20.06 7.19 167.40 156
8:45 PM 20.06 7.2 167.17 ‐‐
9:15 PM 20.06 ‐‐ ‐‐ 154
10:00 PM 20.06 ‐‐ ‐‐ 154
Lift 30.5 cm QL,ave  166.82 l min
‐1
Cs  0.5 mg l
‐1 QG,ave  170.00 l min
‐1
FWCO2 44.01 g mol‐1 QG:QL 1.02
Temperature  Carbon Dioxide    
[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
7:23:07 PM 26.2 26.2 7.60 7.62 7.95 7.59 0.36 7.45 0.086
7:28:07 PM 26.2 26.2 7.60 7.63 7.95 7.42 0.53 7.45 0.127
7:33:07 PM 26.2 26.2 7.60 7.63 7.95 7.42 0.53 7.45 0.127
7:38:07 PM 26.2 26.2 6.69 6.80 64.60 50.14 14.45 64.10 3.472
7:43:07 PM 26.2 26.2 6.69 6.81 64.60 49.00 15.60 64.10 3.746
7:48:07 PM 26.2 26.2 6.70 6.79 63.13 51.31 11.82 62.63 2.838
7:53:07 PM 26.2 26.2 6.72 6.80 60.29 50.14 10.14 59.79 2.436
7:58:07 PM 26.2 26.2 6.75 6.82 56.26 47.89 8.38 55.76 2.012
8:03:07 PM 26.2 26.2 6.75 6.84 56.26 45.73 10.53 55.76 2.530
8:08:07 PM 26.2 26.2 6.78 6.85 52.51 44.69 7.82 52.01 1.878
8:13:07 PM 26.2 26.2 6.79 6.87 51.31 42.68 8.63 50.81 2.074
8:18:07 PM 26.2 26.2 6.81 6.89 49.00 40.76 8.24 48.50 1.980
8:23:07 PM 26.2 26.2 6.83 6.91 46.80 38.92 7.87 46.30 1.891
8:28:07 PM 26.2 26.2 6.84 6.93 45.73 37.17 8.56 45.23 2.056
8:33:07 PM 26.2 26.2 6.87 6.95 42.68 35.50 7.18 42.18 1.725






[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
8:43:07 PM 26.2 26.2 6.90 6.98 39.83 33.13 6.70 39.33 1.610
8:48:07 PM 26.2 26.2 6.92 7.00 38.04 31.64 6.40 37.54 1.537
8:53:07 PM 26.2 26.2 6.94 7.01 36.33 30.92 5.41 35.83 1.299
8:58:07 PM 26.2 26.2 6.95 7.02 35.50 30.22 5.28 35.00 1.269
9:03:07 PM 26.2 26.2 6.97 7.04 33.90 28.86 5.05 33.40 1.212
9:08:07 PM 26.2 26.2 6.98 7.06 33.13 27.56 5.57 32.63 1.339
9:13:07 PM 26.2 26.2 7.00 7.07 31.64 26.93 4.71 31.14 1.131
9:18:07 PM 26.2 26.2 7.02 7.09 30.22 25.72 4.50 29.72 1.080
9:23:07 PM 26.2 26.2 7.02 7.11 30.22 24.56 5.66 29.72 1.359
9:28:07 PM 26.2 26.2 7.04 7.12 28.86 24.00 4.85 28.36 1.166
9:33:07 PM 26.2 26.1 7.06 7.14 27.56 22.92 4.64 27.06 1.114
9:38:07 PM 26.2 26.1 7.07 7.15 26.93 22.40 4.53 26.43 1.088
9:43:07 PM 26.2 26.1 7.10 7.16 25.13 21.89 3.24 24.63 0.779
9:48:07 PM 26.2 26.1 7.11 7.18 24.56 20.90 3.66 24.06 0.878
9:53:07 PM 26.2 26.1 7.13 7.20 23.45 19.96 3.49 22.95 0.839
9:58:07 PM 26.2 26.1 7.15 7.21 22.40 19.51 2.89 21.90 0.694
10:03:07 PM 26.2 26.1 7.16 7.22 21.89 19.06 2.82 21.39 0.678
10:08:07 PM 26.2 26.1 7.17 7.24 21.39 18.21 3.18 20.89 0.765
10:13:07 PM 26.2 26.1 7.19 7.26 20.43 17.39 3.04 19.93 0.730
10:18:07 PM 26.2 26.1 7.19 7.27 20.43 16.99 3.44 19.93 0.826
10:23:07 PM 26.2 26.1 7.21 7.29 19.51 16.23 3.28 19.01 0.788
10:28:07 PM 26.2 26.1 7.23 7.30 18.63 15.86 2.77 18.13 0.666
10:33:07 PM 26.2 26.1 7.25 7.31 17.79 15.50 2.30 17.29 0.552
10:38:07 PM 26.2 26.1 7.26 7.33 17.39 14.80 2.59 16.89 0.622
10:43:07 PM 26.2 26.1 7.28 7.35 16.60 14.13 2.47 16.10 0.594
10:48:07 PM 26.2 26.1 7.29 7.36 16.23 13.81 2.42 15.73 0.580
10:53:07 PM 26.2 26.1 7.30 7.37 15.86 13.50 2.36 15.36 0.567
10:58:07 PM 26.2 26.1 7.31 7.38 15.50 13.19 2.31 15.00 0.554
11:03:07 PM 26.2 26.1 7.32 7.40 15.14 12.60 2.55 14.64 0.612
11:08:07 PM 26.2 26.1 7.37 7.42 13.50 12.03 1.47 13.00 0.353
11:13:07 PM 26.2 26.1 7.38 7.43 13.19 11.76 1.43 12.69 0.345
11:18:07 PM 26.1 26.1 7.38 7.44 13.19 11.49 1.70 12.69 0.409
11:23:07 PM 26.1 26.1 7.41 7.46 12.31 10.97 1.34 11.81 0.322
11:28:07 PM 26.1 26.1 7.42 7.47 12.03 10.72 1.31 11.53 0.314






[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
11:38:07 PM 26.1 26.1 7.44 7.50 11.49 10.01 1.48 10.99 0.356
11:43:07 PM 26.1 26.1 7.46 7.51 10.97 9.78 1.19 10.47 0.287
11:48:07 PM 26.1 26.1 7.48 7.53 10.48 9.34 1.14 9.98 0.274
11:53:07 PM 26.1 26.1 7.49 7.54 10.24 9.12 1.11 9.74 0.267
11:58:07 PM 26.1 26.1 7.50 7.55 10.01 8.92 1.09 9.51 0.261
12:03:07 AM 26.1 26.1 7.51 7.56 9.78 8.71 1.06 9.28 0.255
12:08:07 AM 26.1 26.1 7.53 7.58 9.34 8.32 1.02 8.84 0.244
12:13:07 AM 26.1 26.1 7.53 7.59 9.34 8.13 1.20 8.84 0.289
12:18:07 AM 26.1 26.1 7.55 7.60 8.92 7.95 0.97 8.42 0.233
12:23:07 AM 26.1 26.1 7.57 7.61 8.52 7.77 0.75 8.02 0.180
12:28:07 AM 26.1 26.1 7.57 7.62 8.52 7.59 0.93 8.02 0.222
12:33:07 AM 26.1 26.1 7.59 7.64 8.13 7.25 0.88 7.63 0.212
12:38:07 AM 26.1 26.1 7.60 7.65 7.95 7.08 0.86 7.45 0.208
12:43:07 AM 26.1 26.1 7.61 7.66 7.77 6.92 0.84 7.27 0.203
12:48:07 AM 26.1 26.1 7.61 7.67 7.77 6.76 1.00 7.27 0.241
12:53:07 AM 26.1 26.1 7.63 7.68 7.42 6.61 0.81 6.92 0.194
12:58:07 AM 26.1 26.1 7.65 7.70 7.08 6.31 0.77 6.58 0.185
1:03:07 AM 26.1 26.1 7.65 7.71 7.08 6.17 0.91 6.58 0.220
1:08:07 AM 26.1 26.1 7.67 7.72 6.76 6.03 0.74 6.26 0.177
1:13:07 AM 26.1 26 7.68 7.73 6.61 5.89 0.72 6.11 0.173
1:18:07 AM 26.1 26 7.69 7.74 6.46 5.76 0.70 5.96 0.169
1:23:07 AM 26.1 26 7.69 7.75 6.46 5.63 0.83 5.96 0.200
1:28:07 AM 26.1 26 7.71 7.76 6.17 5.50 0.67 5.67 0.161
1:33:07 AM 26.1 26 7.72 7.77 6.03 5.37 0.66 5.53 0.157
1:38:07 AM 26.1 26 7.73 7.78 5.89 5.25 0.64 5.39 0.154
1:43:07 AM 26.1 26 7.74 7.79 5.76 5.13 0.63 5.26 0.150
1:48:07 AM 26.1 26 7.75 7.80 5.63 5.01 0.61 5.13 0.147
1:53:07 AM 26.1 26 7.76 7.81 5.50 4.90 0.60 5.00 0.144
1:58:07 AM 26.1 26 7.77 7.82 5.37 4.79 0.58 4.87 0.140
2:03:07 AM 26.1 26 7.77 7.82 5.37 4.79 0.58 4.87 0.140
2:08:07 AM 26.1 26 7.79 7.83 5.13 4.68 0.45 4.63 0.108
2:13:07 AM 26.1 26 7.80 7.84 5.01 4.57 0.44 4.51 0.106
2:18:07 AM 26.1 26 7.81 7.85 4.90 4.47 0.43 4.40 0.104
2:23:07 AM 26.1 26 7.81 7.86 4.90 4.37 0.53 4.40 0.128
3:18:07 AM 26 26 7.90 7.94 3.98 3.63 0.35 3.48 0.084








[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
2:33:07 AM 26.1 26 7.83 7.88 4.68 4.17 0.51 4.18 0.122
2:38:07 AM 26.1 26 7.84 7.88 4.57 4.17 0.40 4.07 0.097
2:43:07 AM 26.1 26 7.84 7.89 4.57 4.08 0.50 4.07 0.119
2:48:07 AM 26 26 7.86 7.90 4.37 3.98 0.38 3.87 0.092
2:53:07 AM 26 26 7.86 7.91 4.37 3.89 0.47 3.87 0.114
2:58:07 AM 26 26 7.87 7.92 4.27 3.80 0.46 3.77 0.111
3:03:07 AM 26 26 7.88 7.92 4.17 3.80 0.37 3.67 0.088
3:08:07 AM 26 26 7.88 7.93 4.17 3.72 0.45 3.67 0.109










[liters] [sec] [l min‐1] [mg l‐1]
10:15 AM 20.06 7.21 166.93 153
10:50 AM 20.06 7.30 164.88 155.00
11:15 AM 20.06 7.35 163.76 157
11:45 AM 20.06 ‐‐ ‐‐ ‐‐
1:00 PM 20.06 7.23 166.47 156
2:00 PM 20.06 ‐‐ ‐‐ ‐‐
2:30 PM 20.06 7.27 165.56 155
Lift 30.5 cm QL,ave  165.52 l min
‐1
Cs  0.5 mg l
‐1 QG,ave  170.00 l min
‐1
FWCO2 44.01 g mol‐1 QG:QL 1.03




[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO  day‐1]2
10:13:21 AM 26 26 8.22 8.24 1.91 1.83 0.09 1.41 0.021
10:13:30 AM 26 26 8.22 8.24 1.91 1.83 0.09 1.41 0.021
10:13:40 AM 26 26 8.22 8.24 1.91 1.83 0.09 1.41 0.021
10:15:14 AM 26 26 8.21 7.69 1.96 6.48 ‐4.53 1.46 ‐1.079
10:15:24 AM 26 26 7.59 7.40 8.16 12.64 ‐4.48 7.66 ‐1.068
10:15:34 AM 26 26 7.52 7.12 9.59 24.09 ‐14.50 9.09 ‐3.456
10:15:44 AM 26 26 7.52 7.04 9.59 28.97 ‐19.38 9.09 ‐4.618
10:15:54 AM 26 26 7.28 6.96 16.67 34.83 ‐18.16 16.17 ‐4.328
10:16:04 AM 26 26 7.24 6.96 18.28 34.83 ‐16.55 17.78 ‐3.944
10:16:15 AM 26 26 7.20 6.92 20.04 38.19 ‐18.15 19.54 ‐4.325
10:16:24 AM 26 26 7.14 6.80 23.01 50.34 ‐27.33 22.51 ‐6.514
10:16:34 AM 26 26 7.03 6.77 29.64 53.94 ‐24.30 29.14 ‐5.791
10:16:44 AM 26 26 6.94 6.73 36.47 59.14 ‐22.68 35.97 ‐5.405
10:16:54 AM 26 26 6.91 7.87 39.08 4.28 34.79 38.58 8.292
10:17:18 AM 26 26 6.80 6.83 50.34 46.98 3.36 49.84 0.801
10:22:18 AM 26 26 6.77 6.89 53.94 40.92 13.02 53.44 3.104
10:27:18 AM 26 26 6.79 6.91 51.51 39.08 12.44 51.01 2.964
10:32:18 AM 26 26 6.81 6.93 49.19 37.32 11.88 48.69 2.831
10:37:18 AM 26 26 6.83 6.96 46.98 34.83 12.15 46.48 2.897
10:42:18 AM 26 26 6.85 6.97 44.86 34.03 10.83 44.36 2.582
10:47:18 AM 26 26 6.87 6.99 42.85 32.50 10.34 42.35 2.465
10:52:18 AM 26 26 6.89 7.00 40.92 31.76 9.16 40.42 2.182
10:57:18 AM 26 26 6.91 7.02 39.08 30.33 8.74 38.58 2.084
11:02:18 AM 26 26 6.92 7.03 38.19 29.64 8.54 37.69 2.037
11:07:18 AM 26.1 26 6.94 7.05 36.47 28.31 8.16 35.97 1.945
11:12:18 AM 26.1 26 6.95 7.06 35.64 27.66 7.97 35.14 1.901
11:17:18 AM 26.1 26 6.97 7.08 34.03 26.42 7.62 33.53 1.815
11:22:18 AM 26.1 26 6.99 7.09 32.50 25.82 6.68 32.00 1.593
11:27:18 AM 26.1 26 7.00 7.11 31.76 24.66 7.11 31.26 1.694
11:32:18 AM 26.1 26 7.02 7.13 30.33 23.55 6.79 29.83 1.618
11:37:18 AM 26.1 26 7.03 7.14 29.64 23.01 6.63 29.14 1.581
11:42:18 AM 26.1 26 7.05 7.15 28.31 22.49 5.82 27.81 1.388
11:47:18 AM 26.1 26 7.06 7.17 27.66 21.47 6.19 27.16 1.475
11:52:18 AM 26.1 26.1 7.08 7.18 26.42 20.98 5.43 25.92 1.295
2:17:18 PM 26.3 26.2 7.48 7.55 10.52 8.95 1.57 10.02 0.373
2:22:18 PM 26.3 26.2 7.50 7.57 10.04 8.55 1.50 9.54 0.356
Temperature  Carbon Dioxide    
[°C] pH [mg l‐1] C  ‐ C C CTR t out
[mg l‐1]
deficit
[mg l‐1] [kg CO  day‐1]Time Inlet  Outlet Inlet  Outlet Inlet  Outlet 2
12:02:18 PM 26.1 26.1 7.11 7.21 24.66 19.58 5.07 24.16 1.209
12:07:18 PM 26.1 26.1 7.12 7.22 24.09 19.14 4.96 23.59 1.181
12:12:18 PM 26.1 26.1 7.14 7.24 23.01 18.28 4.73 22.51 1.128
12:17:18 PM 26.1 26.1 7.15 7.25 22.49 17.86 4.62 21.99 1.102
12:22:18 PM 26.1 26.1 7.17 7.26 21.47 17.45 4.02 20.97 0.958
12:27:18 PM 26.1 26.1 7.19 7.28 20.51 16.67 3.84 20.01 0.915
12:32:18 PM 26.1 26.1 7.20 7.29 20.04 16.29 3.75 19.54 0.894
12:37:18 PM 26.1 26.1 7.21 7.31 19.58 15.56 4.03 19.08 0.960
12:42:18 PM 26.1 26.1 7.23 7.32 18.70 15.20 3.50 18.20 0.834
12:47:18 PM 26.2 26.1 7.24 7.34 18.28 14.52 3.76 17.78 0.896
12:52:18 PM 26.2 26.1 7.26 7.35 17.45 14.19 3.27 16.95 0.779
12:57:18 PM 26.2 26.1 7.27 7.36 17.06 13.86 3.19 16.56 0.761
1:02:18 PM 26.2 26.1 7.29 7.37 16.29 13.55 2.74 15.79 0.653
1:07:18 PM 26.2 26.1 7.30 7.39 15.92 12.94 2.98 15.42 0.710
1:12:18 PM 26.2 26.1 7.31 7.39 15.56 12.94 2.62 15.06 0.624
1:17:18 PM 26.2 26.1 7.32 7.40 15.20 12.64 2.56 14.70 0.610
1:22:18 PM 26.2 26.1 7.35 7.42 14.19 12.08 2.11 13.69 0.503
1:27:18 PM 26.2 26.2 7.35 7.43 14.19 11.80 2.39 13.69 0.569
1:32:18 PM 26.2 26.2 7.36 7.44 13.86 11.53 2.33 13.36 0.556
1:37:18 PM 26.2 26.2 7.37 7.46 13.55 11.01 2.54 13.05 0.604
1:42:18 PM 26.2 26.2 7.38 7.46 13.24 11.01 2.23 12.74 0.531
1:47:18 PM 26.2 26.2 7.40 7.48 12.64 10.52 2.13 12.14 0.507
1:52:18 PM 26.2 26.2 7.41 7.49 12.36 10.28 2.08 11.86 0.495
1:57:18 PM 26.2 26.2 7.43 7.50 11.80 10.04 1.76 11.30 0.419
2:02:18 PM 26.2 26.2 7.44 7.51 11.53 9.82 1.72 11.03 0.409
2:07:18 PM 26.2 26.2 7.46 7.53 11.01 9.37 1.64 10.51 0.391
2:12:18 PM 26.2 26.2 7.47 7.54 10.76 9.16 1.60 10.26 0.382
181
10.2 2 30.5 CTR = 0.0393*Cdeficit 0.972
10.2 3 30.5 CTR = 0.0541*Cdeficit 0.963
Ave 0.007 0.007 0.006 0.006 0.0014 0.0013
St. D. 0.001 0.001 0.001 0.001 0.0002 0.0002
182




Air‐lift [cm] Trial  Lift [cm] deficit
10.2 1 30.5 CTR = 0.0382*Cdeficit 0.955
pH/Alkalinity K a and SCTR Summary for 170 l min‐1 air injectionL
‐1 ‐1 SCTR [kg hr‐1]KLa [min ] KLa20 [min ]
Air‐lift [cm] Trial  Inlet Outlet Inlet Outlet Inlet Outlet
10.2 1 0.008 0.008 0.007 0.007 0.0015 0.0016
10.2 2 0.007 0.006 0.006 0.005 0.0012 0.0012














5:10 PM 20.06 3.41 352.96 153
5:30 PM 20.06 3.44 349.88 154
6:00 PM 20.06 3.56 338.09 158
7:00 PM 20.06 3.52 341.93 156
Lift 30.5 cm QL,ave  345.72 l min
‐1
Cs  0.5 mg l
‐1 QG,ave  340.00 l min
‐1
FWCO2 44.01 g mol‐1 QG:QL 0.98





[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
5:27:22 PM 26.3 26.3 6.92 6.87 38.20 42.86 ‐4.66 37.70 ‐2.320
5:27:32 PM 26.3 26.3 6.90 6.85 40.00 44.88 ‐4.88 39.50 ‐2.430
5:27:42 PM 26.3 26.3 6.86 6.81 43.86 49.21 ‐5.35 43.36 ‐2.664
5:27:52 PM 26.3 26.3 6.84 6.69 45.92 64.87 ‐18.95 45.42 ‐9.432
5:28:03 PM 26.3 26.3 6.85 6.83 44.88 46.99 ‐2.12 44.38 ‐1.053
5:28:12 PM 26.3 26.3 6.83 6.86 46.99 43.86 3.14 46.49 1.562
5:28:22 PM 26.3 26.3 6.81 6.80 49.21 50.36 ‐1.15 48.71 ‐0.571
5:28:32 PM 26.3 26.3 6.79 6.78 51.53 52.73 ‐1.20 51.03 ‐0.598
5:28:44 PM 26.3 26.3 6.77 6.78 53.96 52.73 1.23 53.46 0.611
5:28:52 PM 26.3 26.3 6.76 6.79 55.21 51.53 3.69 54.71 1.835
5:29:18 PM 26.3 26.3 6.78 6.80 52.73 50.36 2.37 52.23 1.181
5:30:18 PM 26.3 26.3 6.76 6.82 55.21 48.09 7.12 54.71 3.547
5:31:18 PM 26.3 26.3 6.76 6.82 55.21 48.09 7.12 54.71 3.547
5:32:18 PM 26.3 26.3 6.77 6.83 53.96 46.99 6.96 53.46 3.466
5:33:18 PM 26.3 26.3 6.78 6.84 52.73 45.92 6.80 52.23 3.387
5:34:18 PM 26.3 26.3 6.79 6.85 51.53 44.88 6.65 51.03 3.310






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
5:36:18 PM 26.3 26.3 6.81 6.87 49.21 42.86 6.35 48.71 3.161
5:37:18 PM 26.3 26.3 6.81 6.88 49.21 41.88 7.33 48.71 3.647
5:38:18 PM 26.3 26.3 6.82 6.88 48.09 41.88 6.21 47.59 3.089
5:39:18 PM 26.3 26.3 6.83 6.90 46.99 40.00 7.00 46.49 3.483
5:40:18 PM 26.3 26.3 6.84 6.91 45.92 39.09 6.84 45.42 3.403
5:41:18 PM 26.3 26.3 6.85 6.92 44.88 38.20 6.68 44.38 3.326
5:42:18 PM 26.3 26.3 6.86 6.92 43.86 38.20 5.66 43.36 2.817
5:43:18 PM 26.3 26.3 6.87 6.93 42.86 37.33 5.53 42.36 2.753
5:44:18 PM 26.3 26.3 6.88 6.94 41.88 36.48 5.40 41.38 2.691
5:45:18 PM 26.3 26.3 6.89 6.95 40.93 35.65 5.28 40.43 2.629
5:46:18 PM 26.3 26.3 6.90 6.96 40.00 34.84 5.16 39.50 2.569
5:47:18 PM 26.3 26.3 6.91 6.98 39.09 33.27 5.82 38.59 2.897
5:48:18 PM 26.3 26.3 6.91 6.98 39.09 33.27 5.82 38.59 2.897
5:49:18 PM 26.3 26.3 6.92 6.99 38.20 32.51 5.69 37.70 2.831
5:50:18 PM 26.3 26.3 6.93 7.00 37.33 31.77 5.56 36.83 2.766
5:51:18 PM 26.3 26.3 6.94 7.01 36.48 31.05 5.43 35.98 2.703
5:52:18 PM 26.3 26.3 6.95 7.02 35.65 30.34 5.31 35.15 2.642
5:53:18 PM 26.3 26.3 6.96 7.03 34.84 29.65 5.19 34.34 2.582
5:54:18 PM 26.3 26.3 6.97 7.04 34.04 28.98 5.07 33.54 2.523
5:55:18 PM 26.3 26.3 6.97 7.05 34.04 28.32 5.73 33.54 2.851
5:56:18 PM 26.3 26.3 6.98 7.06 33.27 27.67 5.60 32.77 2.786
5:57:18 PM 26.3 26.3 6.99 7.07 32.51 27.04 5.47 32.01 2.723
5:58:18 PM 26.3 26.3 7.00 7.08 31.77 26.43 5.35 31.27 2.661
5:59:18 PM 26.3 26.3 7.01 7.09 31.05 25.83 5.22 30.55 2.600
6:00:18 PM 26.3 26.3 7.02 7.10 30.34 25.24 5.10 29.84 2.541
6:01:18 PM 26.3 26.3 7.03 7.10 29.65 25.24 4.41 29.15 2.197
6:02:18 PM 26.3 26.3 7.04 7.11 28.98 24.66 4.31 28.48 2.147
6:03:18 PM 26.3 26.3 7.05 7.12 28.32 24.10 4.22 27.82 2.099
6:04:18 PM 26.3 26.3 7.06 7.14 27.67 23.02 4.66 27.17 2.318
6:05:18 PM 26.3 26.3 7.07 7.14 27.04 23.02 4.03 26.54 2.004
6:06:18 PM 26.3 26.3 7.08 7.15 26.43 22.49 3.93 25.93 1.958
6:07:18 PM 26.3 26.3 7.09 7.16 25.83 21.98 3.84 25.33 1.914
6:08:18 PM 26.3 26.3 7.10 7.17 25.24 21.48 3.76 24.74 1.870
6:09:18 PM 26.3 26.3 7.11 7.18 24.66 20.99 3.67 24.16 1.828






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
6:11:18 PM 26.3 26.3 7.13 7.19 23.55 20.51 3.04 23.05 1.513
6:12:18 PM 26.3 26.3 7.14 7.20 23.02 20.05 2.97 22.52 1.479
6:13:18 PM 26.3 26.3 7.15 7.21 22.49 19.59 2.90 21.99 1.445
6:14:18 PM 26.3 26.3 7.15 7.22 22.49 19.14 3.35 21.99 1.667
6:15:18 PM 26.3 26.3 7.16 7.23 21.98 18.71 3.27 21.48 1.629
6:16:18 PM 26.3 26.3 7.17 7.24 21.48 18.28 3.20 20.98 1.592
6:17:18 PM 26.3 26.3 7.18 7.25 20.99 17.87 3.12 20.49 1.556
6:18:18 PM 26.3 26.3 7.19 7.26 20.51 17.46 3.05 20.01 1.520
6:19:18 PM 26.3 26.3 7.20 7.27 20.05 17.06 2.98 19.55 1.486
6:20:18 PM 26.3 26.3 7.21 7.27 19.59 17.06 2.53 19.09 1.258
6:21:18 PM 26.3 26.3 7.21 7.28 19.59 16.67 2.92 19.09 1.452
6:22:18 PM 26.3 26.3 7.22 7.29 19.14 16.29 2.85 18.64 1.419
6:23:18 PM 26.3 26.3 7.24 7.30 18.28 15.92 2.36 17.78 1.174
6:24:18 PM 26.3 26.3 7.24 7.31 18.28 15.56 2.72 17.78 1.355
6:25:18 PM 26.3 26.3 7.25 7.32 17.87 15.21 2.66 17.37 1.324
6:26:18 PM 26.3 26.3 7.26 7.33 17.46 14.86 2.60 16.96 1.294
6:27:18 PM 26.3 26.3 7.27 7.33 17.06 14.86 2.20 16.56 1.096
6:28:18 PM 26.3 26.3 7.28 7.34 16.67 14.52 2.15 16.17 1.071
6:29:18 PM 26.3 26.3 7.29 7.36 16.29 13.87 2.43 15.79 1.208
6:30:18 PM 26.3 26.3 7.30 7.36 15.92 13.87 2.05 15.42 1.023
6:31:18 PM 26.3 26.3 7.30 7.37 15.92 13.55 2.37 15.42 1.180
6:32:18 PM 26.3 26.3 7.31 7.38 15.56 13.24 2.32 15.06 1.153
6:33:18 PM 26.3 26.3 7.32 7.39 15.21 12.94 2.26 14.71 1.127
6:34:18 PM 26.3 26.3 7.33 7.39 14.86 12.94 1.92 14.36 0.955
6:35:18 PM 26.3 26.3 7.34 7.40 14.52 12.65 1.87 14.02 0.933
6:36:18 PM 26.3 26.3 7.35 7.41 14.19 12.36 1.83 13.69 0.912
6:37:18 PM 26.3 26.3 7.36 7.42 13.87 12.08 1.79 13.37 0.891
6:38:18 PM 26.3 26.3 7.36 7.42 13.87 12.08 1.79 13.37 0.891
6:39:18 PM 26.3 26.3 7.37 7.44 13.55 11.54 2.02 13.05 1.004
6:40:18 PM 26.3 26.3 7.38 7.44 13.24 11.54 1.71 12.74 0.851
6:41:18 PM 26.3 26.3 7.39 7.45 12.94 11.27 1.67 12.44 0.831
6:42:18 PM 26.3 26.3 7.40 7.46 12.65 11.02 1.63 12.15 0.813
6:43:18 PM 26.3 26.3 7.41 7.47 12.36 10.77 1.59 11.86 0.794
6:44:18 PM 26.3 26.3 7.41 7.47 12.36 10.77 1.59 11.86 0.794






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
6:46:18 PM 26.3 26.3 7.43 7.49 11.80 10.28 1.52 11.30 0.758
6:47:18 PM 26.3 26.3 7.44 7.50 11.54 10.05 1.49 11.04 0.741
6:48:18 PM 26.3 26.3 7.44 7.51 11.54 9.82 1.72 11.04 0.855
6:49:18 PM 26.3 26.3 7.45 7.51 11.27 9.82 1.45 10.77 0.724
6:50:18 PM 26.3 26.3 7.46 7.52 11.02 9.60 1.42 10.52 0.708
6:51:18 PM 26.3 26.3 7.47 7.53 10.77 9.38 1.39 10.27 0.692
6:52:18 PM 26.3 26.2 7.47 7.54 10.77 9.16 1.60 10.27 0.798
6:53:18 PM 26.3 26.2 7.48 7.54 10.52 9.16 1.36 10.02 0.676
6:54:18 PM 26.3 26.2 7.49 7.55 10.28 8.95 1.33 9.78 0.660
6:55:18 PM 26.3 26.2 7.50 7.56 10.05 8.75 1.30 9.55 0.645
6:56:18 PM 26.3 26.2 7.51 7.56 9.82 8.75 1.07 9.32 0.532
6:57:18 PM 26.3 26.2 7.51 7.58 9.82 8.36 1.46 9.32 0.728
6:58:18 PM 26.3 26.2 7.52 7.58 9.60 8.36 1.24 9.10 0.616
6:59:18 PM 26.3 26.2 7.53 7.59 9.38 8.17 1.21 8.88 0.602
7:00:18 PM 26.3 26.2 7.54 7.60 9.16 7.98 1.18 8.66 0.589
7:01:18 PM 26.3 26.2 7.54 7.60 9.16 7.98 1.18 8.66 0.589
7:02:18 PM 26.3 26.2 7.55 7.61 8.95 7.80 1.16 8.45 0.575
7:03:18 PM 26.3 26.2 7.56 7.62 8.75 7.62 1.13 8.25 0.562
7:04:18 PM 26.3 26.2 7.57 7.62 8.55 7.62 0.93 8.05 0.463
7:05:18 PM 26.3 26.2 7.57 7.63 8.55 7.45 1.10 8.05 0.549
7:06:18 PM 26.3 26.2 7.58 7.63 8.36 7.45 0.91 7.86 0.452
7:07:18 PM 26.3 26.2 7.59 7.64 8.17 7.28 0.89 7.67 0.442
7:08:18 PM 26.3 26.2 7.59 7.65 8.17 7.11 1.05 7.67 0.525
7:09:18 PM 26.3 26.2 7.60 7.66 7.98 6.95 1.03 7.48 0.513
7:10:18 PM 26.3 26.2 7.61 7.67 7.80 6.79 1.01 7.30 0.501
7:11:18 PM 26.3 26.2 7.62 7.67 7.62 6.79 0.83 7.12 0.413
7:12:18 PM 26.3 26.2 7.62 7.68 7.62 6.64 0.98 7.12 0.490
7:13:18 PM 26.3 26.2 7.63 7.69 7.45 6.49 0.96 6.95 0.478
7:14:18 PM 26.3 26.2 7.64 7.69 7.28 6.49 0.79 6.78 0.394
7:15:18 PM 26.3 26.2 7.64 7.70 7.28 6.34 0.94 6.78 0.468
7:16:18 PM 26.3 26.2 7.65 7.70 7.11 6.34 0.77 6.61 0.385
7:17:18 PM 26.3 26.2 7.66 7.71 6.95 6.20 0.76 6.45 0.376
7:18:18 PM 26.3 26.2 7.66 7.72 6.95 6.05 0.90 6.45 0.447
7:19:18 PM 26.3 26.2 7.67 7.72 6.79 6.05 0.74 6.29 0.368
7:20:18 PM 26.3 26.2 7.68 7.73 6.64 5.92 0.72 6.14 0.359
186






[mg l‐1] C  ‐ C C CTR 





7:21:18 PM 26.3 26.2 7.68 7.74 6.64 5.78 0.86 6.14 0.426
7:22:18 PM 26.3 26.2 7.69 7.74 6.49 5.78 0.71 5.99 0.351
7:23:18 PM 26.3 26.2 7.69 7.75 6.49 5.65 0.84 5.99 0.417
7:24:18 PM 26.3 26.2 7.70 7.75 6.34 5.65 0.69 5.84 0.343
7:25:18 PM 26.3 26.2 7.71 7.76 6.20 5.52 0.67 5.70 0.335
7:26:18 PM 26.3 26.2 7.71 7.76 6.20 5.52 0.67 5.70 0.335
7:27:18 PM 26.3 26.2 7.72 7.77 6.05 5.40 0.66 5.55 0.328
7:28:18 PM 26.3 26.2 7.72 7.78 6.05 5.27 0.78 5.55 0.389
7:29:18 PM 26.3 26.2 7.73 7.78 5.92 5.27 0.64 5.42 0.320
7:30:18 PM 26.3 26.2 7.74 7.79 5.78 5.15 0.63 5.28 0.313
7:31:18 PM 26.3 26.2 7.74 7.79 5.78 5.15 0.63 5.28 0.313
7:32:18 PM 26.3 26.2 7.75 7.80 5.65 5.04 0.61 5.15 0.306
7:33:18 PM 26.3 26.2 7.75 7.80 5.65 5.04 0.61 5.15 0.306
7:34:18 PM 26.3 26.2 7.76 7.81 5.52 4.92 0.60 5.02 0.299
7:35:18 PM 26.3 26.2 7.77 7.82 5.40 4.81 0.59 4.90 0.292
7:36:18 PM 26.3 26.2 7.77 7.82 5.40 4.81 0.59 4.90 0.292
7:37:18 PM 26.3 26.2 7.78 7.83 5.27 4.70 0.57 4.77 0.285
7:38:18 PM 26.3 26.2 7.78 7.83 5.27 4.70 0.57 4.77 0.285
7:39:18 PM 26.3 26.2 7.79 7.83 5.15 4.70 0.45 4.65 0.226
7:40:18 PM 26.3 26.2 7.79 7.84 5.15 4.59 0.56 4.65 0.279
7:41:18 PM 26.3 26.2 7.80 7.85 5.04 4.49 0.55 4.54 0.273
7:42:18 PM 26.3 26.2 7.80 7.85 5.04 4.49 0.55 4.54 0.273
7:43:18 PM 26.3 26.2 7.81 7.86 4.92 4.39 0.54 4.42 0.266
7:44:18 PM 26.3 26.2 7.81 7.86 4.92 4.39 0.54 4.42 0.266
7:45:18 PM 26.3 26.2 7.82 7.86 4.81 4.39 0.42 4.31 0.211
7:46:18 PM 26.3 26.2 7.82 7.87 4.81 4.29 0.52 4.31 0.260
7:47:18 PM 26.2 26.2 7.83 7.87 4.70 4.29 0.41 4.20 0.206
7:48:18 PM 26.2 26.2 7.83 7.88 4.70 4.19 0.51 4.20 0.254
7:49:18 PM 26.2 26.2 7.84 7.88 4.59 4.19 0.40 4.09 0.201
7:50:18 PM 26.2 26.2 7.84 7.89 4.59 4.09 0.50 4.09 0.249
7:51:18 PM 26.2 26.2 7.85 7.89 4.49 4.09 0.39 3.99 0.197
7:52:18 PM 26.2 26.2 7.85 7.90 4.49 4.00 0.49 3.99 0.243
7:53:18 PM 26.2 26.2 7.86 7.90 4.39 4.00 0.39 3.89 0.192
7:54:18 PM 26.2 26.2 7.86 7.91 4.39 3.91 0.48 3.89 0.237














[kg CO  day‐1]Time Inlet  Outlet Inlet  Outlet Inlet  Outlet 2
7:56:18 PM 26.2 26.2 7.87 7.91 4.29 3.91 0.38 3.79 0.188
7:57:18 PM 26.2 26.2 7.87 7.92 4.29 3.82 0.47 3.79 0.232
7:58:18 PM 26.2 26.2 7.88 7.92 4.19 3.82 0.37 3.69 0.183
7:59:18 PM 26.2 26.2 7.88 7.93 4.19 3.73 0.46 3.69 0.227
8:00:18 PM 26.2 26.2 7.89 7.93 4.09 3.73 0.36 3.59 0.179
8:01:18 PM 26.2 26.2 7.89 7.94 4.09 3.65 0.45 3.59 0.222
8:02:18 PM 26.2 26.2 7.89 7.94 4.09 3.65 0.45 3.59 0.222
8:03:18 PM 26.2 26.2 7.90 7.94 4.00 3.65 0.35 3.50 0.175
8:04:18 PM 26.2 26.2 7.90 7.95 4.00 3.56 0.43 3.50 0.217
8:05:18 PM 26.2 26.2 7.91 7.95 3.91 3.56 0.34 3.41 0.171
8:06:18 PM 26.2 26.2 7.91 7.96 3.91 3.48 0.43 3.41 0.212
8:07:18 PM 26.2 26.2 7.92 7.96 3.82 3.48 0.34 3.32 0.167
8:08:18 PM 26.2 26.2 7.92 7.96 3.82 3.48 0.34 3.32 0.167
8:09:18 PM 26.2 26.2 7.92 7.97 3.82 3.40 0.42 3.32 0.207
8:10:18 PM 26.2 26.2 7.93 7.97 3.73 3.40 0.33 3.23 0.164
8:11:18 PM 26.2 26.2 7.93 7.97 3.73 3.40 0.33 3.23 0.164
8:12:18 PM 26.2 26.2 7.93 7.98 3.73 3.33 0.41 3.23 0.202
8:13:18 PM 26.2 26.2 7.94 7.98 3.65 3.33 0.32 3.15 0.160
8:14:18 PM 26.2 26.2 7.94 7.98 3.65 3.33 0.32 3.15 0.160
8:15:18 PM 26.2 26.2 7.94 7.99 3.65 3.25 0.40 3.15 0.197
8:16:18 PM 26.2 26.2 7.95 7.99 3.56 3.25 0.31 3.06 0.156
8:17:18 PM 26.2 26.2 7.95 7.99 3.56 3.25 0.31 3.06 0.156
8:18:18 PM 26.2 26.2 7.95 8.00 3.56 3.18 0.39 3.06 0.193
8:19:18 PM 26.2 26.2 7.96 8.00 3.48 3.18 0.31 2.98 0.153
8:20:18 PM 26.2 26.2 7.96 8.00 3.48 3.18 0.31 2.98 0.153
8:21:18 PM 26.2 26.2 7.97 8.01 3.40 3.10 0.30 2.90 0.149
8:22:18 PM 26.2 26.2 7.97 8.01 3.40 3.10 0.30 2.90 0.149
8:23:18 PM 26.2 26.2 7.97 8.01 3.40 3.10 0.30 2.90 0.149
8:24:18 PM 26.2 26.2 7.98 8.02 3.33 3.03 0.29 2.83 0.146
8:25:18 PM 26.2 26.2 7.98 8.02 3.33 3.03 0.29 2.83 0.146
8:26:18 PM 26.2 26.2 7.98 8.02 3.33 3.03 0.29 2.83 0.146
8:27:18 PM 26.2 26.2 7.98 8.03 3.33 2.97 0.36 2.83 0.180
8:28:18 PM 26.2 26.2 7.99 8.03 3.25 2.97 0.29 2.75 0.142
8:29:18 PM 26.2 26.2 7.99 8.03 3.25 2.97 0.29 2.75 0.142












Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg CO2 day ]
8:31:18 PM 26.2 26.2 8.00 8.04 3.18 2.90 0.28 2.68 0.139
8:32:18 PM 26.2 26.2 8.00 8.04 3.18 2.90 0.28 2.68 0.139
8:33:18 PM 26.2 26.2 8.00 8.04 3.18 2.90 0.28 2.68 0.139
8:34:18 PM 26.2 26.2 8.01 8.05 3.10 2.83 0.27 2.60 0.136
8:35:18 PM 26.2 26.2 8.01 8.05 3.10 2.83 0.27 2.60 0.136
8:36:18 PM 26.2 26.2 8.01 8.05 3.10 2.83 0.27 2.60 0.136
8:37:18 PM 26.2 26.2 8.01 8.05 3.10 2.83 0.27 2.60 0.136
8:38:18 PM 26.2 26.2 8.02 8.06 3.03 2.77 0.27 2.53 0.133
8:39:18 PM 26.2 26.2 8.02 8.06 3.03 2.77 0.27 2.53 0.133
8:40:18 PM 26.2 26.2 8.02 8.06 3.03 2.77 0.27 2.53 0.133
8:41:18 PM 26.2 26.2 8.02 8.07 3.03 2.70 0.33 2.53 0.164
8:42:18 PM 26.2 26.2 8.03 8.07 2.97 2.70 0.26 2.47 0.130
8:43:18 PM 26.2 26.2 8.03 8.07 2.97 2.70 0.26 2.47 0.130
8:44:18 PM 26.2 26.2 8.03 8.07 2.97 2.70 0.26 2.47 0.130
8:45:18 PM 26.2 26.2 8.04 8.08 2.90 2.64 0.25 2.40 0.127
8:46:18 PM 26.2 26.2 8.04 8.08 2.90 2.64 0.25 2.40 0.127
8:47:18 PM 26.2 26.2 8.04 8.08 2.90 2.64 0.25 2.40 0.127
8:48:18 PM 26.2 26.2 8.04 8.08 2.90 2.64 0.25 2.40 0.127
8:49:18 PM 26.2 26.2 8.04 8.09 2.90 2.58 0.32 2.40 0.157
8:50:18 PM 26.2 26.2 8.05 8.09 2.83 2.58 0.25 2.33 0.124
8:51:18 PM 26.2 26.2 8.05 8.09 2.83 2.58 0.25 2.33 0.124
8:52:18 PM 26.2 26.1 8.05 8.09 2.83 2.58 0.25 2.33 0.124
8:53:18 PM 26.2 26.1 8.05 8.10 2.83 2.52 0.31 2.33 0.153
8:54:18 PM 26.2 26.1 8.06 8.10 2.77 2.52 0.24 2.27 0.121
8:55:18 PM 26.2 26.1 8.06 8.10 2.77 2.52 0.24 2.27 0.121
8:56:18 PM 26.2 26.1 8.06 8.10 2.77 2.52 0.24 2.27 0.121
8:57:18 PM 26.2 26.1 8.06 8.10 2.77 2.52 0.24 2.27 0.121
8:58:18 PM 26.2 26.1 8.07 8.11 2.70 2.47 0.24 2.20 0.118
8:59:18 PM 26.2 26.1 8.07 8.11 2.70 2.47 0.24 2.20 0.118
9:00:18 PM 26.2 26.1 8.07 8.11 2.70 2.47 0.24 2.20 0.118
9:01:18 PM 26.2 26.1 8.07 8.11 2.70 2.47 0.24 2.20 0.118
9:02:18 PM 26.2 26.1 8.07 8.11 2.70 2.47 0.24 2.20 0.118
9:03:18 PM 26.2 26.1 8.08 8.12 2.64 2.41 0.23 2.14 0.116
9:04:18 PM 26.2 26.1 8.08 8.12 2.64 2.41 0.23 2.14 0.116











Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg CO2 day ]
9:06:18 PM 26.2 26.1 8.08 8.12 2.64 2.41 0.23 2.14 0.116
9:07:18 PM 26.2 26.1 8.09 8.12 2.58 2.41 0.17 2.08 0.086
9:08:18 PM 26.2 26.1 8.09 8.13 2.58 2.36 0.23 2.08 0.113
9:09:18 PM 26.2 26.1 8.09 8.13 2.58 2.36 0.23 2.08 0.113
9:10:18 PM 26.2 26.1 8.09 8.13 2.58 2.36 0.23 2.08 0.113
9:11:18 PM 26.2 26.1 8.09 8.13 2.58 2.36 0.23 2.08 0.113
9:12:18 PM 26.2 26.1 8.09 8.14 2.58 2.30 0.28 2.08 0.140
9:13:18 PM 26.2 26.1 8.10 8.14 2.52 2.30 0.22 2.02 0.111
9:14:18 PM 26.2 26.1 8.10 8.14 2.52 2.30 0.22 2.02 0.111
9:15:18 PM 26.2 26.1 8.10 8.14 2.52 2.30 0.22 2.02 0.111
9:16:18 PM 26.2 26.1 8.10 8.14 2.52 2.30 0.22 2.02 0.111
9:17:18 PM 26.2 26.1 8.10 8.15 2.52 2.25 0.27 2.02 0.137
9:18:18 PM 26.2 26.1 8.11 8.15 2.47 2.25 0.22 1.97 0.108
9:19:18 PM 26.2 26.1 8.11 8.15 2.47 2.25 0.22 1.97 0.108
9:20:18 PM 26.2 26.1 8.11 8.15 2.47 2.25 0.22 1.97 0.108
9:21:18 PM 26.2 26.1 8.11 8.15 2.47 2.25 0.22 1.97 0.108
9:22:18 PM 26.2 26.1 8.11 8.15 2.47 2.25 0.22 1.97 0.108
9:23:18 PM 26.2 26.1 8.12 8.16 2.41 2.20 0.21 1.91 0.106
9:24:18 PM 26.2 26.1 8.12 8.16 2.41 2.20 0.21 1.91 0.106
9:25:18 PM 26.2 26.1 8.12 8.16 2.41 2.20 0.21 1.91 0.106
9:26:18 PM 26.2 26.1 8.12 8.16 2.41 2.20 0.21 1.91 0.106
9:27:18 PM 26.2 26.1 8.12 8.16 2.41 2.20 0.21 1.91 0.106
190
1:50 PM 20.06 3.5 343.89 159
Vtank 8066 liters Alkalinity  156 mg CaCO3 l
‐1
















11:25 AM 20.06 3.56 338.09 157
11:45 AM 20.06 3.58 336.20 155
12:30 PM 20.06 3.47 346.86 154
Lift 30.5 cm QL,ave  341.26 l min
‐1
Cs  0.5 mg l
‐1 QG,ave  340.00 l min
‐1
FWCO2 44.01 g mol‐1 QG:QL 1.00
Temperature  Carbon Dioxide    
[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
11:17:06 AM 25.9 25.8 8.48 8.48 1.06 1.06 0.00 0.56 0.000
11:18:06 AM 25.9 25.8 8.48 8.48 1.06 1.06 0.00 0.56 0.000
11:19:06 AM 25.9 25.8 8.48 8.48 1.06 1.06 0.00 0.56 0.000
11:20:06 AM 25.9 25.8 8.22 8.35 1.93 1.43 0.50 1.43 0.245
11:21:06 AM 25.9 25.8 7.11 6.93 24.82 37.57 ‐12.75 24.32 ‐6.264
11:22:06 AM 25.9 25.8 6.82 6.68 48.40 66.81 ‐18.41 47.90 ‐9.047
11:23:06 AM 25.9 25.8 6.62 6.52 76.71 96.57 ‐19.86 76.21 ‐9.760
11:24:06 AM 25.9 25.8 6.56 6.60 88.07 80.32 7.75 87.57 3.808
11:25:06 AM 25.9 25.8 6.57 6.61 86.07 78.49 7.57 85.57 3.721
11:26:06 AM 25.9 25.8 6.57 6.62 86.07 76.71 9.36 85.57 4.599
11:27:06 AM 25.9 25.8 6.58 6.62 84.11 76.71 7.40 83.61 3.637
11:28:06 AM 25.9 25.8 6.59 6.63 82.19 74.96 7.23 81.69 3.554
11:29:06 AM 25.9 25.8 6.59 6.65 82.19 71.59 10.61 81.69 5.212
11:30:06 AM 25.9 25.8 6.60 6.65 80.32 71.59 8.73 79.82 4.292
11:31:06 AM 25.9 25.8 6.61 6.67 78.49 68.37 10.13 77.99 4.977
11:32:06 AM 25.9 25.8 6.62 6.67 76.71 68.37 8.34 76.21 4.099
11:33:06 AM 25.9 25.8 6.63 6.69 74.96 65.29 9.67 74.46 4.753
11:34:06 AM 25.9 25.8 6.64 6.69 73.25 65.29 7.97 72.75 3.915
11:35:06 AM 25.9 25.8 6.64 6.70 73.25 63.80 9.45 72.75 4.645






[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
11:37:06 AM 25.9 25.8 6.66 6.72 69.96 60.93 9.03 69.46 4.436
11:38:06 AM 25.9 25.8 6.67 6.73 68.37 59.54 8.82 67.87 4.335
11:39:06 AM 25.9 25.8 6.68 6.73 66.81 59.54 7.27 66.31 3.570
11:40:06 AM 25.9 25.8 6.69 6.75 65.29 56.86 8.42 64.79 4.140
11:41:06 AM 25.9 25.8 6.70 6.76 63.80 55.57 8.23 63.30 4.046
11:42:06 AM 25.9 25.8 6.71 6.76 62.35 55.57 6.78 61.85 3.332
11:43:06 AM 25.9 25.9 6.73 6.77 59.54 54.30 5.24 59.04 2.575
11:44:06 AM 25.9 25.9 6.74 6.79 58.19 51.86 6.33 57.69 3.110
11:45:06 AM 25.9 25.9 6.74 6.79 58.19 51.86 6.33 57.69 3.110
11:46:06 AM 25.9 25.9 6.75 6.80 56.86 50.68 6.18 56.36 3.039
11:47:06 AM 25.9 25.9 6.76 6.81 55.57 49.53 6.04 55.07 2.970
11:48:06 AM 25.9 25.9 6.77 6.82 54.30 48.40 5.91 53.80 2.902
11:49:06 AM 25.9 25.9 6.78 6.83 53.07 47.30 5.77 52.57 2.836
11:50:06 AM 25.9 25.9 6.79 6.84 51.86 46.22 5.64 51.36 2.771
11:51:06 AM 25.9 25.9 6.80 6.85 50.68 45.17 5.51 50.18 2.708
11:52:06 AM 25.9 25.9 6.81 6.86 49.53 44.14 5.39 49.03 2.647
11:53:06 AM 25.9 25.9 6.82 6.86 48.40 44.14 4.26 47.90 2.093
11:54:06 AM 25.9 25.9 6.83 6.87 47.30 43.14 4.16 46.80 2.045
11:55:06 AM 25.9 25.9 6.84 6.88 46.22 42.15 4.07 45.72 1.999
11:56:06 AM 25.9 25.9 6.85 6.89 45.17 41.19 3.97 44.67 1.953
11:57:06 AM 25.9 25.9 6.85 6.90 45.17 40.26 4.91 44.67 2.414
11:58:06 AM 25.9 25.9 6.86 6.91 44.14 39.34 4.80 43.64 2.359
11:59:06 AM 25.9 25.9 6.87 6.91 43.14 39.34 3.80 42.64 1.865
12:00:06 PM 25.9 25.9 6.88 6.93 42.15 37.57 4.58 41.65 2.253
12:01:06 PM 25.9 25.9 6.89 6.94 41.19 36.71 4.48 40.69 2.201
12:02:06 PM 25.9 25.9 6.90 6.94 40.26 36.71 3.54 39.76 1.741
12:03:06 PM 25.9 25.9 6.91 6.95 39.34 35.88 3.46 38.84 1.701
12:04:06 PM 25.9 25.9 6.92 6.96 38.44 35.06 3.38 37.94 1.662
12:05:06 PM 25.9 25.9 6.93 6.97 37.57 34.26 3.31 37.07 1.624
12:06:06 PM 25.9 25.9 6.94 6.98 36.71 33.48 3.23 36.21 1.587
12:07:06 PM 25.9 25.9 6.94 6.99 36.71 32.72 3.99 36.21 1.962
12:08:06 PM 25.9 25.9 6.95 7.00 35.88 31.98 3.90 35.38 1.917
12:09:06 PM 25.9 25.9 6.96 7.00 35.06 31.98 3.09 34.56 1.516
12:10:06 PM 25.9 25.9 6.97 7.01 34.26 31.25 3.01 33.76 1.482






[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
12:12:06 PM 25.9 25.9 6.99 7.03 32.72 29.84 2.88 32.22 1.415
12:13:06 PM 25.9 25.9 7.00 7.05 31.98 28.50 3.48 31.48 1.709
12:14:06 PM 25.9 25.9 7.01 7.05 31.25 28.50 2.75 30.75 1.351
12:15:06 PM 25.9 25.9 7.01 7.06 31.25 27.85 3.40 30.75 1.670
12:16:06 PM 25.9 25.9 7.02 7.07 30.54 27.22 3.32 30.04 1.632
12:17:06 PM 25.9 25.9 7.03 7.07 29.84 27.22 2.63 29.34 1.290
12:18:06 PM 25.9 25.9 7.04 7.09 29.16 25.99 3.17 28.66 1.558
12:19:06 PM 25.9 25.9 7.05 7.09 28.50 25.99 2.51 28.00 1.232
12:20:06 PM 25.9 25.9 7.06 7.10 27.85 25.40 2.45 27.35 1.204
12:21:06 PM 25.9 25.9 7.07 7.11 27.22 24.82 2.39 26.72 1.177
12:22:06 PM 25.9 25.9 7.07 7.12 27.22 24.26 2.96 26.72 1.454
12:23:06 PM 25.9 25.9 7.08 7.13 26.60 23.70 2.89 26.10 1.421
12:24:06 PM 25.9 25.9 7.09 7.14 25.99 23.17 2.83 25.49 1.389
12:25:06 PM 25.9 25.9 7.10 7.15 25.40 22.64 2.76 24.90 1.357
12:26:06 PM 25.9 25.9 7.11 7.15 24.82 22.64 2.18 24.32 1.073
12:27:06 PM 25.9 25.9 7.12 7.16 24.26 22.12 2.13 23.76 1.049
12:28:06 PM 25.9 25.9 7.13 7.17 23.70 21.62 2.09 23.20 1.025
12:29:06 PM 25.9 25.9 7.13 7.18 23.70 21.13 2.58 23.20 1.267
12:30:06 PM 25.9 25.9 7.14 7.18 23.17 21.13 2.04 22.67 1.002
12:31:06 PM 25.9 25.9 7.15 7.20 22.64 20.18 2.46 22.14 1.210
12:32:06 PM 25.9 25.9 7.16 7.21 22.12 19.72 2.41 21.62 1.182
12:33:06 PM 25.9 25.9 7.17 7.21 21.62 19.72 1.90 21.12 0.935
12:34:06 PM 25.9 25.9 7.18 7.22 21.13 19.27 1.86 20.63 0.914
12:35:06 PM 25.9 25.9 7.19 7.23 20.65 18.83 1.82 20.15 0.893
12:36:06 PM 25.9 25.9 7.20 7.24 20.18 18.40 1.78 19.68 0.872
12:37:06 PM 25.9 25.9 7.20 7.24 20.18 18.40 1.78 19.68 0.872
12:38:06 PM 25.9 25.9 7.21 7.26 19.72 17.57 2.14 19.22 1.054
12:39:06 PM 25.9 25.9 7.22 7.26 19.27 17.57 1.70 18.77 0.833
12:40:06 PM 25.9 25.9 7.23 7.27 18.83 17.17 1.66 18.33 0.814
12:41:06 PM 25.9 25.9 7.24 7.28 18.40 16.78 1.62 17.90 0.796
12:42:06 PM 25.9 25.9 7.25 7.28 17.98 16.78 1.20 17.48 0.590
12:43:06 PM 25.9 25.9 7.25 7.29 17.98 16.40 1.58 17.48 0.778
12:44:06 PM 25.9 25.9 7.26 7.30 17.57 16.03 1.55 17.07 0.760
12:45:06 PM 25.9 25.9 7.27 7.30 17.17 16.03 1.15 16.67 0.563






[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
12:47:06 PM 26 25.9 7.29 7.33 16.40 14.96 1.44 15.90 0.709
12:48:06 PM 26 25.9 7.29 7.34 16.40 14.62 1.78 15.90 0.876
12:49:06 PM 26 25.9 7.30 7.34 16.03 14.62 1.41 15.53 0.693
12:50:06 PM 26 25.9 7.31 7.35 15.66 14.28 1.38 15.16 0.677
12:51:06 PM 26 25.9 7.32 7.36 15.31 13.96 1.35 14.81 0.662
12:52:06 PM 26 25.9 7.33 7.36 14.96 13.96 1.00 14.46 0.491
12:53:06 PM 26 25.9 7.34 7.38 14.62 13.33 1.29 14.12 0.632
12:54:06 PM 26 25.9 7.34 7.38 14.62 13.33 1.29 14.12 0.632
12:55:06 PM 26 25.9 7.35 7.39 14.28 13.03 1.26 13.78 0.618
12:56:06 PM 26 25.9 7.36 7.39 13.96 13.03 0.93 13.46 0.458
12:57:06 PM 26 25.9 7.37 7.40 13.64 12.73 0.91 13.14 0.447
12:58:06 PM 26 25.9 7.37 7.40 13.64 12.73 0.91 13.14 0.447
12:59:06 PM 26 25.9 7.38 7.42 13.33 12.16 1.17 12.83 0.576
1:00:06 PM 26 25.9 7.39 7.43 13.03 11.88 1.15 12.53 0.563
1:01:06 PM 26 25.9 7.40 7.43 12.73 11.88 0.85 12.23 0.418
1:02:06 PM 26 25.9 7.41 7.44 12.44 11.61 0.83 11.94 0.408
1:03:06 PM 26 25.9 7.41 7.45 12.44 11.35 1.09 11.94 0.538
1:04:06 PM 26 25.9 7.42 7.46 12.16 11.09 1.07 11.66 0.526
1:05:06 PM 26 25.9 7.43 7.46 11.88 11.09 0.79 11.38 0.390
1:06:06 PM 26 25.9 7.44 7.47 11.61 10.84 0.77 11.11 0.381
1:07:06 PM 26 25.9 7.45 7.48 11.35 10.59 0.76 10.85 0.372
1:08:06 PM 26 25.9 7.45 7.48 11.35 10.59 0.76 10.85 0.372
1:09:06 PM 26 25.9 7.46 7.49 11.09 10.35 0.74 10.59 0.364
1:10:06 PM 26 25.9 7.47 7.50 10.84 10.11 0.72 10.34 0.355
1:11:06 PM 26 25.9 7.47 7.50 10.84 10.11 0.72 10.34 0.355
1:12:06 PM 26 25.9 7.48 7.51 10.59 9.88 0.71 10.09 0.347
1:13:06 PM 26 25.9 7.49 7.52 10.35 9.66 0.69 9.85 0.339
1:14:06 PM 26 25.9 7.50 7.53 10.11 9.44 0.67 9.61 0.332
1:15:06 PM 26 25.9 7.50 7.53 10.11 9.44 0.67 9.61 0.332
1:16:06 PM 26 25.9 7.51 7.54 9.88 9.22 0.66 9.38 0.324
1:17:06 PM 26 25.9 7.52 7.55 9.66 9.01 0.64 9.16 0.317
1:18:06 PM 26 25.9 7.53 7.55 9.44 9.01 0.42 8.94 0.209
1:19:06 PM 26 25.9 7.53 7.56 9.44 8.81 0.63 8.94 0.310
1:20:06 PM 26 25.9 7.54 7.57 9.22 8.61 0.62 8.72 0.302
1:30:06 PM 26 26 7.61 7.63 7.85 7.50 0.35 7.35 0.174
V 8066 liters Alkalinity  156 mg CaCO  l‐1
2:09:09 PM 26.0 26.0 7.77 7.57 5.40 8.57 ‐3.16 4.90 ‐1.559






[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
1:22:06 PM 26 25.9 7.56 7.58 8.81 8.41 0.40 8.31 0.195
1:23:06 PM 26 25.9 7.56 7.59 8.81 8.22 0.59 8.31 0.289
1:24:06 PM 26 25.9 7.57 7.59 8.61 8.22 0.39 8.11 0.190
1:25:06 PM 26 25.9 7.57 7.60 8.61 8.03 0.57 8.11 0.282
1:26:06 PM 26 25.9 7.58 7.61 8.41 7.85 0.56 7.91 0.276
1:27:06 PM 26 25.9 7.59 7.61 8.22 7.85 0.37 7.72 0.182
1:28:06 PM 26 26 7.60 7.62 8.03 7.67 0.36 7.53 0.178










[liters] [sec] [l min‐1] [mg l‐1]
2:10 PM 20.06 3.48 345.86 156
2:45 PM 20.06 3.57 337.14 155
3:30 PM 20.06 3.42 351.93 153
4:00 PM 20.06 3.59 335.26 158
Lift 30.5 cm QL,ave  342.55 l min
‐1
Cs  0.5 mg l
‐1 QG,ave  340.00 l min
‐1




[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO  day‐1]2
2:08:38 PM 26.1 26.0 7.77 7.77 5.40 5.40 0.00 4.90 0.000
2:08:48 PM 26.0 26.0 7.77 7.77 5.40 5.40 0.00 4.90 0.000
2:08:58 PM 26.1 26.0 7.77 7.77 5.40 5.40 0.00 4.90 0.000
2:32:36 PM 26.1 26.0 6.82 6.88 48.17 41.95 6.22 47.67 3.066






[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO  day‐1]2
2:09:28 PM 26.0 26.0 7.69 7.16 6.50 22.02 ‐15.52 6.00 ‐7.655
2:09:38 PM 26.0 26.0 7.55 7.17 8.97 21.52 ‐12.55 8.47 ‐6.189
2:09:49 PM 26.0 26.0 7.39 7.18 12.96 21.03 ‐8.06 12.46 ‐3.976
2:09:58 PM 26.0 26.0 7.21 7.11 19.62 24.70 ‐5.08 19.12 ‐2.506
2:10:08 PM 26.0 26.0 7.09 7.04 25.87 29.02 ‐3.16 25.37 ‐1.557
2:10:18 PM 26.0 26.0 6.99 7.03 32.56 29.70 2.87 32.06 1.413
2:10:29 PM 26.0 26.0 6.94 7.04 36.54 29.02 7.51 36.04 3.707
2:10:38 PM 26.0 26.0 6.89 6.92 41.00 38.26 2.74 40.50 1.350
2:10:48 PM 26.0 26.0 6.87 6.88 42.93 41.95 0.98 42.43 0.482
2:10:58 PM 26.0 26.0 6.83 6.84 47.07 46.00 1.07 46.57 0.529
2:11:08 PM 26.0 26.0 6.76 6.79 55.30 51.61 3.69 54.80 1.821
2:11:18 PM 26.0 26.0 6.72 6.80 60.64 50.44 10.20 60.14 5.032
2:11:36 PM 26.0 26.0 6.69 6.69 64.97 64.97 0.00 64.47 0.000
2:12:36 PM 26.0 26.0 6.67 6.71 68.04 62.05 5.99 67.54 2.953
2:13:36 PM 26.0 26.0 6.67 6.72 68.04 60.64 7.40 67.54 3.650
2:14:36 PM 26.0 26.0 6.68 6.72 66.49 60.64 5.85 65.99 2.886
2:15:36 PM 26.0 26.0 6.68 6.73 66.49 59.26 7.23 65.99 3.567
2:16:36 PM 26.0 26.0 6.69 6.74 64.97 57.91 7.07 64.47 3.485
2:17:36 PM 26.0 26.0 6.70 6.75 63.50 56.59 6.91 63.00 3.406
2:18:36 PM 26.0 26.0 6.71 6.76 62.05 55.30 6.75 61.55 3.329
2:19:36 PM 26.1 26.0 6.72 6.75 60.64 56.59 4.05 60.14 1.996
2:20:36 PM 26.1 26.0 6.72 6.77 60.64 54.04 6.59 60.14 3.253
2:21:36 PM 26.1 26.0 6.73 6.79 59.26 51.61 7.65 58.76 3.772
2:22:36 PM 26.1 26.0 6.74 6.80 57.91 50.44 7.47 57.41 3.686
2:23:36 PM 26.1 26.0 6.75 6.79 56.59 51.61 4.98 56.09 2.456
2:24:36 PM 26.1 26.0 6.76 6.81 55.30 49.29 6.01 54.80 2.967
2:25:36 PM 26.1 26.0 6.77 6.83 54.04 47.07 6.97 53.54 3.440
2:26:36 PM 26.1 26.0 6.77 6.83 54.04 47.07 6.97 53.54 3.440
2:27:36 PM 26.1 26.0 6.78 6.83 52.81 47.07 5.74 52.31 2.833
2:28:36 PM 26.1 26.0 6.79 6.85 51.61 44.95 6.66 51.11 3.285
2:29:36 PM 26.1 26.0 6.80 6.85 50.44 44.95 5.48 49.94 2.706
2:30:36 PM 26.1 26.0 6.80 6.87 50.44 42.93 7.51 49.94 3.704
2:31:36 PM 26.1 26.0 6.81 6.87 49.29 42.93 6.36 48.79 3.137
3:07:36 PM 26.1 26.0 7.13 7.18 23.59 21.03 2.57 23.09 1.265






[°C] pH [mg l‐1] C  ‐ C C CTR t out
[mg l‐1]
deficit
[mg l‐1] [kg CO  day‐1]Time Inlet  Outlet Inlet  Outlet Inlet  Outlet 2
2:34:36 PM 26.1 26.0 6.84 6.90 46.00 40.06 5.94 45.50 2.928
2:35:36 PM 26.1 26.0 6.85 6.91 44.95 39.15 5.80 44.45 2.861
2:36:36 PM 26.1 26.0 6.86 6.92 43.93 38.26 5.67 43.43 2.796
2:37:36 PM 26.1 26.0 6.87 6.93 42.93 37.39 5.54 42.43 2.732
2:38:36 PM 26.1 26.0 6.88 6.93 41.95 37.39 4.56 41.45 2.250
2:39:36 PM 26.1 26.0 6.88 6.94 41.95 36.54 5.41 41.45 2.670
2:40:36 PM 26.1 26.0 6.89 6.95 41.00 35.71 5.29 40.50 2.609
2:41:36 PM 26.1 26.0 6.90 6.96 40.06 34.89 5.17 39.56 2.550
2:42:36 PM 26.1 26.0 6.91 6.97 39.15 34.10 5.05 38.65 2.492
2:43:36 PM 26.1 26.0 6.92 6.98 38.26 33.32 4.94 37.76 2.435
2:44:36 PM 26.1 26.0 6.93 6.99 37.39 32.56 4.82 36.89 2.380
2:45:36 PM 26.1 26.0 6.93 6.99 37.39 32.56 4.82 36.89 2.380
2:46:36 PM 26.1 26.0 6.95 7.01 35.71 31.10 4.61 35.21 2.273
2:47:36 PM 26.1 26.0 6.95 7.01 35.71 31.10 4.61 35.21 2.273
2:48:36 PM 26.1 26.0 6.96 7.02 34.89 30.39 4.50 34.39 2.221
2:49:36 PM 26.1 26.0 6.97 7.03 34.10 29.70 4.40 33.60 2.170
2:50:36 PM 26.1 26.0 6.98 7.04 33.32 29.02 4.30 32.82 2.121
2:51:36 PM 26.1 26.0 6.99 7.05 32.56 28.36 4.20 32.06 2.073
2:52:36 PM 26.1 26.0 7.00 7.06 31.82 27.72 4.11 31.32 2.026
2:53:36 PM 26.1 26.0 7.01 7.06 31.10 27.72 3.38 30.60 1.668
2:54:36 PM 26.1 26.0 7.02 7.07 30.39 27.09 3.30 29.89 1.630
2:55:36 PM 26.1 26.0 7.02 7.08 30.39 26.47 3.92 29.89 1.934
2:56:36 PM 26.1 26.0 7.04 7.09 29.02 25.87 3.16 28.52 1.557
2:57:36 PM 26.1 26.0 7.04 7.10 29.02 25.28 3.75 28.52 1.847
2:58:36 PM 26.1 26.0 7.05 7.11 28.36 24.70 3.66 27.86 1.805
2:59:36 PM 26.1 26.0 7.06 7.12 27.72 24.14 3.58 27.22 1.764
3:00:36 PM 26.1 26.0 7.07 7.13 27.09 23.59 3.50 26.59 1.724
3:01:36 PM 26.1 26.0 7.07 7.13 27.09 23.59 3.50 26.59 1.724
3:02:36 PM 26.1 26.0 7.09 7.14 25.87 23.05 2.81 25.37 1.388
3:03:36 PM 26.1 26.0 7.09 7.16 25.87 22.02 3.85 25.37 1.899
3:04:36 PM 26.1 26.0 7.10 7.16 25.28 22.02 3.26 24.78 1.609
3:05:36 PM 26.1 26.0 7.11 7.17 24.70 21.52 3.19 24.20 1.572
3:06:36 PM 26.1 26.0 7.12 7.17 24.14 21.52 2.63 23.64 1.295
3:42:36 PM 26.1 26.1 7.40 7.46 12.67 11.03 1.63 12.17 0.806
















Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg CO2 day ]
3:09:36 PM 26.1 26.0 7.14 7.20 23.05 20.08 2.97 22.55 1.467
3:10:36 PM 26.1 26.0 7.15 7.20 22.53 20.08 2.45 22.03 1.209
3:11:36 PM 26.1 26.0 7.16 7.22 22.02 19.18 2.84 21.52 1.401
3:12:36 PM 26.1 26.0 7.17 7.22 21.52 19.18 2.34 21.02 1.154
3:13:36 PM 26.1 26.0 7.17 7.23 21.52 18.74 2.78 21.02 1.369
3:14:36 PM 26.1 26.0 7.18 7.24 21.03 18.31 2.71 20.53 1.338
3:15:36 PM 26.1 26.0 7.19 7.25 20.55 17.90 2.65 20.05 1.308
3:16:36 PM 26.1 26.0 7.20 7.26 20.08 17.49 2.59 19.58 1.278
3:17:36 PM 26.1 26.0 7.21 7.26 19.62 17.49 2.13 19.12 1.053
3:18:36 PM 26.1 26.0 7.22 7.27 19.18 17.09 2.09 18.68 1.029
3:19:36 PM 26.1 26.0 7.22 7.28 19.18 16.70 2.47 18.68 1.221
3:20:36 PM 26.1 26.0 7.23 7.29 18.74 16.32 2.42 18.24 1.193
3:21:36 PM 26.1 26.0 7.24 7.29 18.31 16.32 1.99 17.81 0.982
3:22:36 PM 26.1 26.0 7.25 7.30 17.90 15.95 1.95 17.40 0.960
3:23:36 PM 26.1 26.0 7.26 7.31 17.49 15.59 1.90 16.99 0.938
3:24:36 PM 26.1 26.0 7.27 7.32 17.09 15.23 1.86 16.59 0.917
3:25:36 PM 26.1 26.0 7.27 7.33 17.09 14.88 2.21 16.59 1.088
3:26:36 PM 26.1 26.0 7.28 7.34 16.70 14.55 2.16 16.20 1.063
3:27:36 PM 26.1 26.1 7.29 7.34 16.32 14.55 1.77 15.82 0.876
3:28:36 PM 26.1 26.1 7.30 7.35 15.95 14.21 1.73 15.45 0.856
3:29:36 PM 26.1 26.1 7.30 7.36 15.95 13.89 2.06 15.45 1.015
3:30:36 PM 26.1 26.1 7.31 7.36 15.59 13.89 1.70 15.09 0.836
3:31:36 PM 26.1 26.1 7.32 7.38 15.23 13.27 1.97 14.73 0.969
3:32:36 PM 26.1 26.1 7.33 7.38 14.88 13.27 1.62 14.38 0.798
3:33:36 PM 26.1 26.1 7.34 7.39 14.55 12.96 1.58 14.05 0.780
3:34:36 PM 26.1 26.1 7.35 7.40 14.21 12.67 1.55 13.71 0.763
3:35:36 PM 26.1 26.1 7.35 7.40 14.21 12.67 1.55 13.71 0.763
3:36:36 PM 26.1 26.1 7.36 7.41 13.89 12.38 1.51 13.39 0.745
3:37:36 PM 26.1 26.1 7.37 7.42 13.58 12.10 1.48 13.08 0.728
3:38:36 PM 26.1 26.1 7.37 7.43 13.58 11.82 1.75 13.08 0.864
3:39:36 PM 26.1 26.1 7.38 7.44 13.27 11.55 1.71 12.77 0.844
3:40:36 PM 26.1 26.1 7.39 7.44 12.96 11.55 1.41 12.46 0.695
3:41:36 PM 26.1 26.1 7.40 7.45 12.67 11.29 1.38 12.17 0.680
3:55:36 PM 26.1 26.1 7.50 7.55 10.06 8.97 1.09 9.56 0.540
3:56:36 PM 26.1 26.1 7.51 7.55 9.83 8.97 0.87 9.33 0.427
15.2 2 30.5 CTR = 0.0540*Cdeficit 0.947
15.2 3 30.5 CTR = 0.0624*C 0.976
Ave 0.020 0.020 0.017 0.017 0.0042 0.0041











Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg CO2 day
‐1]
3:44:36 PM 26.1 26.1 7.42 7.47 12.10 10.78 1.32 11.60 0.649
3:45:36 PM 26.1 26.1 7.43 7.48 11.82 10.54 1.29 11.32 0.634
3:46:36 PM 26.1 26.1 7.44 7.49 11.55 10.30 1.26 11.05 0.620
3:47:36 PM 26.1 26.1 7.44 7.49 11.55 10.30 1.26 11.05 0.620
3:48:36 PM 26.1 26.1 7.45 7.50 11.29 10.06 1.23 10.79 0.606
3:49:36 PM 26.1 26.1 7.46 7.50 11.03 10.06 0.97 10.53 0.479
3:50:36 PM 26.1 26.1 7.47 7.51 10.78 9.83 0.95 10.28 0.468
3:51:36 PM 26.1 26.1 7.47 7.52 10.78 9.61 1.17 10.28 0.578
3:52:36 PM 26.1 26.1 7.48 7.52 10.54 9.61 0.93 10.04 0.457
3:53:36 PM 26.1 26.1 7.49 7.53 10.30 9.39 0.91 9.80 0.447
3:54:36 PM 26.1 26.1 7.49 7.54 10.30 9.18 1.12 9.80 0.552




Air‐lift [cm] Trial  Lift   C[cm] for deficit equations
15.2 1 30.5 CTR = 0.0709*Cdeficit 0.984
deficit
pH/Alkalinity K a and SCTR Summary for 340 l min‐1 air injectionL
‐1 ‐1 ‐1KLa [min ] KLa20 [min ] SCTR [kg hr ]
Air‐lift [cm] Trial  Inlet Outlet Inlet Outlet Inlet Outlet
15.2 1 0.021 0.020 0.018 0.017 0.0043 0.0041
15.2 2 0.020 0.019 0.017 0.017 0.0041 0.0040














10:00 AM 20.06 3.60 334.33 158
10:15 AM 20.06 3.62 332.49 155
10:45 AM 20.06 3.48 345.86 156
11:30 AM 20.06 3.51 342.91 160
Lift 38.1 cm QL,ave  338.90 l min
‐1
Cs  0.5 mg l
‐1 QG,ave  495.00 l min
‐1
FWCO2 44.01 g mol‐1 QG:QL 1.46





[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
9:58:04 AM 26.1 26.0 7.89 7.90 4.15 4.05 0.09 3.65 0.046
9:58:14 AM 26.1 26.0 7.89 7.88 4.15 4.24 ‐0.10 3.65 ‐0.047
9:58:25 AM 26.1 26.0 7.89 7.56 4.15 8.86 ‐4.72 3.65 ‐2.302
9:58:34 AM 26.1 26.0 7.88 7.25 4.24 18.10 ‐13.85 3.74 ‐6.761
9:58:44 AM 26.1 26.0 7.56 7.53 8.86 9.50 ‐0.63 8.36 ‐0.309
9:58:54 AM 26.1 26.0 7.19 7.33 20.78 15.05 5.73 20.28 2.794
9:59:05 AM 26.1 26.0 7.15 7.13 22.78 23.86 ‐1.07 22.28 ‐0.524
9:59:14 AM 26.1 26.0 7.11 7.10 24.98 25.56 ‐0.58 24.48 ‐0.284
9:59:24 AM 26.1 26.0 7.04 6.92 29.35 38.69 ‐9.34 28.85 ‐4.558
9:59:34 AM 26.1 26.0 6.95 6.86 36.11 44.42 ‐8.31 35.61 ‐4.058
9:59:45 AM 26.1 26.0 6.90 6.85 40.51 45.46 ‐4.94 40.01 ‐2.412
9:59:54 AM 26.1 26.0 6.89 6.79 41.46 52.19 ‐10.73 40.96 ‐5.239
10:00:04 AM 26.1 26.0 6.80 6.78 51.00 53.41 ‐2.40 50.50 ‐1.173
10:00:14 AM 26.1 26.1 6.77 6.83 54.65 47.60 7.05 54.15 3.441
10:00:24 AM 26.1 26.0 6.77 6.82 54.65 48.71 5.94 54.15 2.900
10:00:34 AM 26.1 26.0 6.79 6.81 52.19 49.84 2.35 51.69 1.146






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
10:00:55 AM 26.1 26.0 6.78 6.81 53.41 49.84 3.56 52.91 1.740
10:01:04 AM 26.1 26.0 6.78 6.82 53.41 48.71 4.70 52.91 2.293
10:01:14 AM 26.1 26.0 6.78 6.83 53.41 47.60 5.81 52.91 2.834
10:01:24 AM 26.1 26.0 6.78 6.83 53.41 47.60 5.81 52.91 2.834
10:01:34 AM 26.1 26.0 6.78 6.82 53.41 48.71 4.70 52.91 2.293
10:01:44 AM 26.1 26.0 6.78 6.82 53.41 48.71 4.70 52.91 2.293
10:01:54 AM 26.1 26.1 6.78 6.82 53.41 48.71 4.70 52.91 2.293
10:02:05 AM 26.1 26.0 6.79 6.83 52.19 47.60 4.59 51.69 2.241
10:02:14 AM 26.1 26.0 6.79 6.83 52.19 47.60 4.59 51.69 2.241
10:02:24 AM 26.1 26.0 6.79 6.83 52.19 47.60 4.59 51.69 2.241
10:02:35 AM 26.1 26.1 6.79 6.82 52.19 48.71 3.48 51.69 1.700
10:02:44 AM 26.1 26.1 6.79 6.83 52.19 47.60 4.59 51.69 2.241
10:02:54 AM 26.1 26.0 6.79 6.83 52.19 47.60 4.59 51.69 2.241
10:03:05 AM 26.1 26.0 6.79 6.84 52.19 46.52 5.68 51.69 2.770
10:03:14 AM 26.1 26.1 6.79 6.83 52.19 47.60 4.59 51.69 2.241
10:03:24 AM 26.1 26.1 6.79 6.84 52.19 46.52 5.68 51.69 2.770
10:03:35 AM 26.1 26.1 6.80 6.85 51.00 45.46 5.55 50.50 2.707
10:03:44 AM 26.1 26.1 6.80 6.84 51.00 46.52 4.49 50.50 2.190
10:03:54 AM 26.1 26.1 6.80 6.85 51.00 45.46 5.55 50.50 2.707
10:04:05 AM 26.1 26.1 6.80 6.85 51.00 45.46 5.55 50.50 2.707
10:04:14 AM 26.1 26.1 6.80 6.84 51.00 46.52 4.49 50.50 2.190
10:04:25 AM 26.1 26.1 6.80 6.84 51.00 46.52 4.49 50.50 2.190
10:04:34 AM 26.1 26.1 6.81 6.85 49.84 45.46 4.39 49.34 2.140
10:04:44 AM 26.1 26.1 6.81 6.85 49.84 45.46 4.39 49.34 2.140
10:04:55 AM 26.1 26.1 6.81 6.85 49.84 45.46 4.39 49.34 2.140
10:05:04 AM 26.1 26.1 6.81 6.86 49.84 44.42 5.42 49.34 2.645
10:05:14 AM 26.1 26.1 6.81 6.85 49.84 45.46 4.39 49.34 2.140
10:05:24 AM 26.1 26.1 6.81 6.85 49.84 45.46 4.39 49.34 2.140
10:05:34 AM 26.1 26.1 6.82 6.86 48.71 44.42 4.29 48.21 2.092
10:05:45 AM 26.1 26.1 6.82 6.87 48.71 43.41 5.30 48.21 2.585
10:05:54 AM 26.1 26.1 6.82 6.87 48.71 43.41 5.30 48.21 2.585
10:06:04 AM 26.1 26.1 6.82 6.87 48.71 43.41 5.30 48.21 2.585
10:06:14 AM 26.1 26.1 6.82 6.87 48.71 43.41 5.30 48.21 2.585
10:06:25 AM 26.1 26.1 6.83 6.87 47.60 43.41 4.19 47.10 2.044






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
10:06:44 AM 26.1 26.1 6.83 6.88 47.60 42.42 5.18 47.10 2.526
10:06:54 AM 26.1 26.1 6.83 6.88 47.60 42.42 5.18 47.10 2.526
10:07:04 AM 26.1 26.1 6.83 6.88 47.60 42.42 5.18 47.10 2.526
10:07:15 AM 26.1 26.1 6.83 6.88 47.60 42.42 5.18 47.10 2.526
10:07:24 AM 26.1 26.1 6.83 6.88 47.60 42.42 5.18 47.10 2.526
10:07:34 AM 26.1 26.1 6.83 6.88 47.60 42.42 5.18 47.10 2.526
10:07:44 AM 26.1 26.1 6.84 6.89 46.52 41.46 5.06 46.02 2.469
10:07:55 AM 26.1 26.1 6.84 6.89 46.52 41.46 5.06 46.02 2.469
10:08:04 AM 26.1 26.1 6.84 6.89 46.52 41.46 5.06 46.02 2.469
10:08:14 AM 26.1 26.1 6.84 6.89 46.52 41.46 5.06 46.02 2.469
10:08:24 AM 26.1 26.1 6.84 6.90 46.52 40.51 6.00 46.02 2.929
10:08:34 AM 26.1 26.1 6.84 6.89 46.52 41.46 5.06 46.02 2.469
10:08:44 AM 26.1 26.1 6.85 6.89 45.46 41.46 4.00 44.96 1.952
10:08:54 AM 26.1 26.1 6.85 6.89 45.46 41.46 4.00 44.96 1.952
10:09:04 AM 26.1 26.1 6.85 6.89 45.46 41.46 4.00 44.96 1.952
10:09:14 AM 26.1 26.1 6.85 6.90 45.46 40.51 4.94 44.96 2.412
10:09:24 AM 26.1 26.1 6.85 6.90 45.46 40.51 4.94 44.96 2.412
10:09:34 AM 26.1 26.1 6.85 6.89 45.46 41.46 4.00 44.96 1.952
10:09:44 AM 26.1 26.1 6.86 6.90 44.42 40.51 3.91 43.92 1.907
10:09:55 AM 26.1 26.1 6.86 6.90 44.42 40.51 3.91 43.92 1.907
10:10:04 AM 26.1 26.1 6.86 6.90 44.42 40.51 3.91 43.92 1.907
10:10:14 AM 26.1 26.1 6.86 6.91 44.42 39.59 4.83 43.92 2.358
10:10:24 AM 26.1 26.1 6.86 6.92 44.42 38.69 5.73 43.92 2.797
10:10:35 AM 26.1 26.1 6.86 6.91 44.42 39.59 4.83 43.92 2.358
10:10:44 AM 26.1 26.1 6.86 6.91 44.42 39.59 4.83 43.92 2.358
10:10:54 AM 26.1 26.1 6.86 6.91 44.42 39.59 4.83 43.92 2.358
10:11:04 AM 26.1 26.1 6.87 6.91 43.41 39.59 3.82 42.91 1.864
10:11:14 AM 26.1 26.1 6.87 6.91 43.41 39.59 3.82 42.91 1.864
10:11:24 AM 26.1 26.1 6.87 6.92 43.41 38.69 4.72 42.91 2.304
10:11:34 AM 26.1 26.1 6.87 6.92 43.41 38.69 4.72 42.91 2.304
10:11:45 AM 26.1 26.1 6.87 6.92 43.41 38.69 4.72 42.91 2.304
10:11:54 AM 26.1 26.1 6.87 6.92 43.41 38.69 4.72 42.91 2.304
10:12:04 AM 26.1 26.1 6.88 6.92 42.42 38.69 3.73 41.92 1.822
10:12:15 AM 26.1 26.1 6.88 6.92 42.42 38.69 3.73 41.92 1.822






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
10:12:34 AM 26.1 26.1 6.88 6.93 42.42 37.81 4.61 41.92 2.251
10:12:44 AM 26.1 26.1 6.88 6.93 42.42 37.81 4.61 41.92 2.251
10:12:54 AM 26.1 26.1 6.88 6.94 42.42 36.95 5.47 41.92 2.671
10:13:04 AM 26.1 26.1 6.89 6.93 41.46 37.81 3.65 40.96 1.780
10:13:14 AM 26.1 26.1 6.88 6.94 42.42 36.95 5.47 41.92 2.671
10:13:24 AM 26.1 26.1 6.89 6.95 41.46 36.11 5.35 40.96 2.611
10:13:34 AM 26.1 26.1 6.89 6.94 41.46 36.95 4.51 40.96 2.200
10:13:45 AM 26.1 26.1 6.89 6.95 41.46 36.11 5.35 40.96 2.611
10:13:54 AM 26.1 26.1 6.89 6.95 41.46 36.11 5.35 40.96 2.611
10:14:04 AM 26.1 26.1 6.89 6.95 41.46 36.11 5.35 40.96 2.611
10:14:15 AM 26.1 26.1 6.90 6.95 40.51 36.11 4.41 40.01 2.150
10:14:24 AM 26.1 26.1 6.90 6.95 40.51 36.11 4.41 40.01 2.150
10:14:34 AM 26.1 26.1 6.90 6.95 40.51 36.11 4.41 40.01 2.150
10:14:45 AM 26.1 26.1 6.90 6.95 40.51 36.11 4.41 40.01 2.150
10:14:54 AM 26.1 26.1 6.90 6.95 40.51 36.11 4.41 40.01 2.150
10:15:04 AM 26.1 26.1 6.90 6.95 40.51 36.11 4.41 40.01 2.150
10:15:14 AM 26.1 26.1 6.91 6.96 39.59 35.29 4.31 39.09 2.101
10:15:24 AM 26.1 26.1 6.91 6.96 39.59 35.29 4.31 39.09 2.101
10:15:35 AM 26.1 26.1 6.91 6.96 39.59 35.29 4.31 39.09 2.101
10:15:44 AM 26.1 26.1 6.91 6.96 39.59 35.29 4.31 39.09 2.101
10:15:54 AM 26.1 26.1 6.92 6.97 38.69 34.48 4.21 38.19 2.053
10:16:04 AM 26.1 26.1 6.92 6.96 38.69 35.29 3.40 38.19 1.661
10:16:14 AM 26.1 26.1 6.92 6.96 38.69 35.29 3.40 38.19 1.661
10:16:25 AM 26.1 26.1 6.92 6.97 38.69 34.48 4.21 38.19 2.053
10:16:34 AM 26.1 26.1 6.92 6.97 38.69 34.48 4.21 38.19 2.053
10:16:45 AM 26.1 26.1 6.92 6.98 38.69 33.70 4.99 38.19 2.436
10:16:54 AM 26.1 26.1 6.92 6.98 38.69 33.70 4.99 38.19 2.436
10:17:04 AM 26.1 26.1 6.92 6.98 38.69 33.70 4.99 38.19 2.436
10:17:14 AM 26.1 26.1 6.93 6.97 37.81 34.48 3.33 37.31 1.624
10:17:24 AM 26.1 26.1 6.93 6.98 37.81 33.70 4.11 37.31 2.007
10:17:35 AM 26.1 26.1 6.93 6.97 37.81 34.48 3.33 37.31 1.624
10:17:44 AM 26.1 26.1 6.93 6.98 37.81 33.70 4.11 37.31 2.007
10:17:55 AM 26.1 26.1 6.93 6.98 37.81 33.70 4.11 37.31 2.007
10:18:04 AM 26.1 26.1 6.93 6.98 37.81 33.70 4.11 37.31 2.007
10:18:15 AM 26.1 26.1 6.94 6.99 36.95 32.93 4.02 36.45 1.961
203






[mg l‐1] C  ‐ C C CTR 





10:18:24 AM 26.1 26.1 6.94 6.99 36.95 32.93 4.02 36.45 1.961
10:18:35 AM 26.1 26.1 6.94 6.99 36.95 32.93 4.02 36.45 1.961
10:18:44 AM 26.1 26.1 6.94 7.00 36.95 32.18 4.77 36.45 2.327
10:18:55 AM 26.1 26.1 6.94 6.99 36.95 32.93 4.02 36.45 1.961
10:19:04 AM 26.1 26.1 6.95 6.99 36.11 32.93 3.18 35.61 1.550
10:19:15 AM 26.1 26.1 6.95 7.00 36.11 32.18 3.93 35.61 1.916
10:19:24 AM 26.1 26.1 6.95 7.00 36.11 32.18 3.93 35.61 1.916
10:19:34 AM 26.1 26.1 6.95 7.00 36.11 32.18 3.93 35.61 1.916
10:19:45 AM 26.1 26.1 6.95 7.00 36.11 32.18 3.93 35.61 1.916
10:19:54 AM 26.1 26.1 6.95 7.00 36.11 32.18 3.93 35.61 1.916
10:20:05 AM 26.1 26.1 6.95 7.00 36.11 32.18 3.93 35.61 1.916
10:20:14 AM 26.1 26.1 6.96 7.01 35.29 31.45 3.84 34.79 1.873
10:20:25 AM 26.1 26.1 6.96 7.01 35.29 31.45 3.84 34.79 1.873
10:20:35 AM 26.1 26.1 6.96 7.01 35.29 31.45 3.84 34.79 1.873
10:20:44 AM 26.1 26.1 6.96 7.01 35.29 31.45 3.84 34.79 1.873
10:20:55 AM 26.1 26.1 6.96 7.02 35.29 30.73 4.55 34.79 2.222
10:21:04 AM 26.1 26.1 6.96 7.01 35.29 31.45 3.84 34.79 1.873
10:21:15 AM 26.1 26.1 6.97 7.02 34.48 30.73 3.75 33.98 1.830
10:21:25 AM 26.1 26.1 6.97 7.02 34.48 30.73 3.75 33.98 1.830
10:21:34 AM 26.1 26.1 6.97 7.01 34.48 31.45 3.03 33.98 1.481
10:21:45 AM 26.1 26.1 6.97 7.02 34.48 30.73 3.75 33.98 1.830
10:21:55 AM 26.1 26.1 6.97 7.02 34.48 30.73 3.75 33.98 1.830
10:22:04 AM 26.1 26.1 6.98 7.02 33.70 30.73 2.97 33.20 1.447
10:22:15 AM 26.1 26.1 6.98 7.03 33.70 30.03 3.66 33.20 1.788
10:22:25 AM 26.1 26.1 6.98 7.03 33.70 30.03 3.66 33.20 1.788
10:22:35 AM 26.1 26.1 6.98 7.02 33.70 30.73 2.97 33.20 1.447
10:22:45 AM 26.1 26.1 6.98 7.03 33.70 30.03 3.66 33.20 1.788
10:22:55 AM 26.1 26.1 6.98 7.03 33.70 30.03 3.66 33.20 1.788
10:23:05 AM 26.1 26.1 6.98 7.03 33.70 30.03 3.66 33.20 1.788
10:23:15 AM 26.1 26.1 6.99 7.03 32.93 30.03 2.90 32.43 1.414
10:23:25 AM 26.1 26.1 6.98 7.04 33.70 29.35 4.35 33.20 2.122
10:23:35 AM 26.1 26.1 6.99 7.04 32.93 29.35 3.58 32.43 1.748
10:23:45 AM 26.1 26.1 6.99 7.05 32.93 28.68 4.25 32.43 2.074
10:23:55 AM 26.1 26.1 6.99 7.06 32.93 28.03 4.90 32.43 2.392














[kg CO  day‐1]Time Inlet  Outlet Inlet  Outlet Inlet  Outlet 2
10:24:14 AM 26.1 26.1 7.00 7.07 32.18 27.39 4.79 31.68 2.338
10:24:25 AM 26.1 26.1 6.99 7.07 32.93 27.39 5.54 32.43 2.704
10:24:35 AM 26.1 26.1 7.00 7.07 32.18 27.39 4.79 31.68 2.338
10:24:44 AM 26.1 26.1 7.00 7.07 32.18 27.39 4.79 31.68 2.338
10:24:55 AM 26.1 26.1 7.00 7.07 32.18 27.39 4.79 31.68 2.338
10:25:05 AM 26.1 26.1 7.00 7.07 32.18 27.39 4.79 31.68 2.338
10:25:14 AM 26.1 26.1 7.01 7.08 31.45 26.77 4.68 30.95 2.285
10:25:25 AM 26.1 26.1 7.01 7.08 31.45 26.77 4.68 30.95 2.285
10:25:35 AM 26.1 26.1 7.01 7.08 31.45 26.77 4.68 30.95 2.285
10:25:45 AM 26.1 26.1 7.01 7.08 31.45 26.77 4.68 30.95 2.285
10:25:55 AM 26.1 26.1 7.01 7.08 31.45 26.77 4.68 30.95 2.285
10:26:04 AM 26.1 26.1 7.01 7.09 31.45 26.16 5.29 30.95 2.582
10:26:15 AM 26.1 26.1 7.01 7.09 31.45 26.16 5.29 30.95 2.582
10:26:25 AM 26.1 26.1 7.01 7.09 31.45 26.16 5.29 30.95 2.582
10:26:35 AM 26.1 26.1 7.02 7.08 30.73 26.77 3.97 30.23 1.935
10:26:45 AM 26.1 26.1 7.02 7.10 30.73 25.56 5.17 30.23 2.523
10:26:54 AM 26.1 26.1 7.02 7.10 30.73 25.56 5.17 30.23 2.523
10:27:05 AM 26.1 26.1 7.02 7.10 30.73 25.56 5.17 30.23 2.523
10:27:15 AM 26.1 26.1 7.02 7.10 30.73 25.56 5.17 30.23 2.523
10:27:25 AM 26.1 26.1 7.02 7.10 30.73 25.56 5.17 30.23 2.523
10:27:35 AM 26.1 26.1 7.03 7.10 30.03 25.56 4.47 29.53 2.182
10:27:45 AM 26.1 26.1 7.03 7.08 30.03 26.77 3.27 29.53 1.594
10:27:55 AM 26.1 26.1 7.03 7.09 30.03 26.16 3.88 29.53 1.891
10:28:05 AM 26.1 26.1 7.03 7.09 30.03 26.16 3.88 29.53 1.891
10:28:15 AM 26.1 26.1 7.03 7.09 30.03 26.16 3.88 29.53 1.891
10:28:25 AM 26.1 26.1 7.03 7.10 30.03 25.56 4.47 29.53 2.182
10:28:35 AM 26.1 26.1 7.04 7.10 29.35 25.56 3.79 28.85 1.848
10:28:45 AM 26.1 26.1 7.04 7.10 29.35 25.56 3.79 28.85 1.848
10:28:55 AM 26.1 26.1 7.04 7.10 29.35 25.56 3.79 28.85 1.848
10:29:14 AM 26.1 26.1 7.04 7.11 29.35 24.98 4.37 28.85 2.132
10:30:13 AM 26.1 26.1 7.06 7.11 28.03 24.98 3.05 27.53 1.488
10:31:13 AM 26.1 26.1 7.06 7.11 28.03 24.98 3.05 27.53 1.488
10:32:13 AM 26.1 26.1 7.07 7.11 27.39 24.98 2.41 26.89 1.176
10:33:13 AM 26.1 26.1 7.08 7.12 26.77 24.41 2.36 26.27 1.149












Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg CO2 day ]
10:35:13 AM 26.1 26.1 7.10 7.14 25.56 23.31 2.25 25.06 1.098
10:36:13 AM 26.1 26.1 7.11 7.15 24.98 22.78 2.20 24.48 1.073
10:37:13 AM 26.1 26.1 7.12 7.16 24.41 22.26 2.15 23.91 1.048
10:38:13 AM 26.1 26.1 7.13 7.17 23.86 21.81 2.05 23.36 1.000
10:39:13 AM 26.1 26.1 7.14 7.18 23.31 21.26 2.05 22.81 1.001
10:40:13 AM 26.1 26.1 7.15 7.19 22.78 20.92 1.86 22.28 0.908
10:41:13 AM 26.1 26.1 7.16 7.20 22.26 20.49 1.77 21.76 0.864
10:42:13 AM 26.1 26.1 7.17 7.21 21.76 20.07 1.68 21.26 0.822
10:43:13 AM 26.1 26.1 7.17 7.21 21.76 19.66 2.10 21.26 1.023
10:44:13 AM 26.1 26.1 7.18 7.22 21.26 19.26 2.00 20.76 0.978
10:45:13 AM 26.1 26.1 7.19 7.23 20.78 18.86 1.92 20.28 0.935
10:46:13 AM 26.1 26.1 7.20 7.24 20.31 18.48 1.83 19.81 0.893
10:47:13 AM 26.1 26.1 7.21 7.28 19.84 16.89 2.95 19.34 1.442
10:48:13 AM 26.1 26.1 7.22 7.29 19.39 16.50 2.89 18.89 1.409
10:49:13 AM 26.1 26.1 7.23 7.32 18.95 15.40 3.55 18.45 1.731
10:50:13 AM 26.1 26.1 7.24 7.31 18.52 15.76 2.76 18.02 1.345
10:51:13 AM 26.1 26.1 7.24 7.33 18.52 15.05 3.47 18.02 1.691
10:52:13 AM 26.1 26.1 7.25 7.33 18.10 15.05 3.04 17.60 1.486
10:53:13 AM 26.1 26.1 7.26 7.34 17.68 14.71 2.98 17.18 1.452
10:54:13 AM 26.1 26.1 7.27 7.35 17.28 14.37 2.91 16.78 1.419
10:55:13 AM 26.1 26.1 7.28 7.36 16.89 14.05 2.84 16.39 1.387
10:56:13 AM 26.1 26.1 7.29 7.37 16.50 13.73 2.78 16.00 1.355
10:57:13 AM 26.1 26.1 7.30 7.38 16.13 13.42 2.71 15.63 1.324
10:58:13 AM 26.1 26.1 7.31 7.38 15.76 13.42 2.35 15.26 1.145
10:59:13 AM 26.1 26.1 7.31 7.39 15.76 13.11 2.65 15.26 1.294
11:00:13 AM 26.1 26.1 7.32 7.38 15.40 13.42 1.99 14.90 0.970
11:01:13 AM 26.1 26.1 7.33 7.41 15.05 12.52 2.53 14.55 1.236
11:02:13 AM 26.1 26.1 7.34 7.41 14.71 12.52 2.19 14.21 1.069
11:03:13 AM 26.1 26.1 7.35 7.42 14.37 12.24 2.14 13.87 1.044
11:04:13 AM 26.1 26.1 7.36 7.42 14.05 12.24 1.81 13.55 0.885
11:05:13 AM 26.1 26.1 7.36 7.43 14.05 11.96 2.09 13.55 1.021
11:06:13 AM 26.1 26.1 7.37 7.43 13.73 11.96 1.77 13.23 0.864
11:07:13 AM 26.1 26.1 7.38 7.45 13.42 11.42 2.00 12.92 0.975
11:08:13 AM 26.1 26.1 7.39 7.46 13.11 11.16 1.95 12.61 0.952
11:24:13 AM 26.2 26.1 7.51 7.56 9.95 8.86 1.08 9.45 0.528
1:15 PM 20.06 3.49 344.87 156











Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg CO2 day ]
11:10:13 AM 26.2 26.1 7.41 7.46 12.52 11.16 1.36 12.02 0.664
11:11:13 AM 26.2 26.1 7.42 7.48 12.24 10.66 1.58 11.74 0.770
11:12:13 AM 26.2 26.1 7.42 7.48 12.24 10.66 1.58 11.74 0.770
11:13:13 AM 26.2 26.1 7.43 7.49 11.96 10.41 1.54 11.46 0.753
11:14:13 AM 26.2 26.1 7.44 7.50 11.68 10.18 1.51 11.18 0.736
11:15:13 AM 26.2 26.1 7.45 7.48 11.42 10.66 0.76 10.92 0.372
11:16:13 AM 26.2 26.1 7.45 7.50 11.42 10.18 1.24 10.92 0.606
11:17:13 AM 26.2 26.1 7.46 7.52 11.16 9.72 1.44 10.66 0.703
11:18:13 AM 26.2 26.1 7.47 7.53 10.90 9.50 1.41 10.40 0.687
11:19:13 AM 26.2 26.1 7.48 7.52 10.66 9.72 0.94 10.16 0.458
11:20:13 AM 26.2 26.1 7.48 7.54 10.66 9.28 1.38 10.16 0.671
11:21:13 AM 26.2 26.1 7.49 7.55 10.41 9.07 1.34 9.91 0.656
11:22:13 AM 26.2 26.1 7.50 7.55 10.18 9.07 1.11 9.68 0.540















11:45 AM 20.06 3.55 339.04 160
12:30 PM 20.06 3.59 335.26 155







FWCO2 44.01 g mol QG:QL 1.45
‐1
207






[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
11:42:08 AM 26.2 26.1 7.56 7.55 8.86 9.07 ‐0.21 8.36 ‐0.102
11:42:18 AM 26.2 26.1 7.56 7.55 8.86 9.07 ‐0.21 8.36 ‐0.102
11:42:28 AM 26.2 26.1 7.55 7.55 9.07 9.07 0.00 8.57 0.000
11:42:38 AM 26.2 26.1 7.56 7.53 8.86 9.50 ‐0.63 8.36 ‐0.312
11:42:48 AM 26.2 26.1 7.55 7.30 9.07 16.13 ‐7.06 8.57 ‐3.474
11:42:59 AM 26.2 26.1 7.55 7.04 9.07 29.35 ‐20.28 8.57 ‐9.980
11:43:07 AM 26.2 26.1 7.22 7.01 19.39 31.45 ‐12.06 18.89 ‐5.934
11:43:17 AM 26.2 26.1 7.13 6.98 23.86 33.70 ‐9.84 23.36 ‐4.843
11:43:27 AM 26.2 26.1 7.02 6.95 30.73 36.11 ‐5.38 30.23 ‐2.645
11:43:37 AM 26.2 26.1 6.97 6.98 34.48 33.70 0.78 33.98 0.386
11:43:47 AM 26.2 26.1 6.90 6.92 40.51 38.69 1.82 40.01 0.897
11:43:57 AM 26.2 26.1 6.89 6.82 41.46 48.71 ‐7.25 40.96 ‐3.568
11:44:09 AM 26.2 26.1 6.80 6.87 51.00 43.41 7.59 50.50 3.737
11:44:18 AM 26.2 26.1 6.78 6.78 53.41 53.41 0.00 52.91 0.000
11:44:28 AM 26.2 26.1 6.77 6.75 54.65 57.23 ‐2.58 54.15 ‐1.268
11:44:38 AM 26.2 26.1 6.75 6.75 57.23 57.23 0.00 56.73 0.000
11:44:48 AM 26.2 26.1 6.74 6.75 58.56 57.23 1.33 58.06 0.656
11:44:58 AM 26.2 26.1 6.72 6.80 61.32 51.00 10.32 60.82 5.077
11:45:08 AM 26.2 26.1 6.75 6.83 57.23 47.60 9.63 56.73 4.738
11:45:19 AM 26.2 26.1 6.77 6.81 54.65 49.84 4.81 54.15 2.367
11:45:27 AM 26.2 26.1 6.76 6.81 55.92 49.84 6.08 55.42 2.993
11:45:37 AM 26.2 26.1 6.75 6.82 57.23 48.71 8.52 56.73 4.192
11:45:48 AM 26.2 26.1 6.76 6.82 55.92 48.71 7.22 55.42 3.551
11:45:57 AM 26.2 26.1 6.75 6.84 57.23 46.52 10.71 56.73 5.271
11:46:07 AM 26.2 26.1 6.75 6.83 57.23 47.60 9.63 56.73 4.738
11:46:19 AM 26.2 26.1 6.77 6.84 54.65 46.52 8.14 54.15 4.004
11:46:28 AM 26.2 26.1 6.77 6.85 54.65 45.46 9.19 54.15 4.525
11:46:38 AM 26.2 26.1 6.76 6.85 55.92 45.46 10.47 55.42 5.151
11:46:48 AM 26.2 26.1 6.76 6.84 55.92 46.52 9.41 55.42 4.630
11:46:58 AM 26.2 26.1 6.77 6.84 54.65 46.52 8.14 54.15 4.004
11:47:08 AM 26.2 26.1 6.77 6.86 54.65 44.42 10.23 54.15 5.034
11:47:17 AM 26.2 26.1 6.77 6.86 54.65 44.42 10.23 54.15 5.034
11:47:27 AM 26.2 26.1 6.77 6.86 54.65 44.42 10.23 54.15 5.034
11:47:38 AM 26.2 26.1 6.77 6.86 54.65 44.42 10.23 54.15 5.034






[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
11:47:58 AM 26.2 26.1 6.77 6.85 54.65 45.46 9.19 54.15 4.525
11:48:08 AM 26.2 26.1 6.77 6.87 54.65 43.41 11.24 54.15 5.532
11:48:27 AM 26.2 26.1 6.77 6.86 54.65 44.42 10.23 54.15 5.034
11:49:27 AM 26.2 26.1 6.78 6.87 53.41 43.41 10.00 52.91 4.920
11:50:27 AM 26.2 26.1 6.79 6.88 52.19 42.42 9.77 51.69 4.808
11:51:27 AM 26.2 26.1 6.80 6.90 51.00 40.51 10.49 50.50 5.163
11:52:27 AM 26.2 26.1 6.80 6.89 51.00 41.46 9.55 50.50 4.698
11:53:27 AM 26.2 26.1 6.81 6.89 49.84 41.46 8.39 49.34 4.127
11:54:27 AM 26.2 26.1 6.82 6.91 48.71 39.59 9.12 48.21 4.487
11:55:27 AM 26.2 26.1 6.83 6.93 47.60 37.81 9.79 47.10 4.818
11:56:27 AM 26.2 26.1 6.84 6.92 46.52 38.69 7.83 46.02 3.851
11:57:27 AM 26.2 26.1 6.85 6.94 45.46 36.95 8.51 44.96 4.187
11:58:27 AM 26.2 26.2 6.86 6.96 44.42 35.29 9.14 43.92 4.496
11:59:27 AM 26.2 26.2 6.87 6.96 43.41 35.29 8.13 42.91 3.999
12:00:27 PM 26.2 26.2 6.88 6.97 42.42 34.48 7.94 41.92 3.908
12:01:27 PM 26.2 26.2 6.89 6.98 41.46 33.70 7.76 40.96 3.819
12:02:27 PM 26.2 26.2 6.89 6.99 41.46 32.93 8.53 40.96 4.196
12:03:27 PM 26.2 26.2 6.90 7.00 40.51 32.18 8.33 40.01 4.101
12:04:27 PM 26.2 26.2 6.92 7.01 38.69 31.45 7.24 38.19 3.564
12:05:27 PM 26.2 26.2 6.92 7.01 38.69 31.45 7.24 38.19 3.564
12:06:27 PM 26.2 26.2 6.93 7.02 37.81 30.73 7.08 37.31 3.483
12:07:27 PM 26.2 26.2 6.94 7.03 36.95 30.03 6.92 36.45 3.403
12:08:27 PM 26.2 26.2 6.95 7.06 36.11 28.03 8.08 35.61 3.976
12:09:27 PM 26.2 26.2 6.96 7.06 35.29 28.03 7.26 34.79 3.572
12:10:27 PM 26.2 26.2 6.97 7.06 34.48 28.03 6.45 33.98 3.176
12:11:27 PM 26.2 26.2 6.98 7.07 33.70 27.39 6.31 33.20 3.104
12:12:27 PM 26.2 26.2 6.99 7.07 32.93 27.39 5.54 32.43 2.727
12:13:27 PM 26.2 26.2 7.00 7.09 32.18 26.16 6.02 31.68 2.964
12:14:27 PM 26.2 26.2 7.01 7.10 31.45 25.56 5.89 30.95 2.897
12:15:27 PM 26.2 26.2 7.02 7.12 30.73 24.41 6.32 30.23 3.111
12:16:27 PM 26.2 26.2 7.03 7.12 30.03 24.41 5.62 29.53 2.766
12:17:27 PM 26.2 26.2 7.04 7.13 29.35 23.86 5.49 28.85 2.703
12:18:27 PM 26.2 26.2 7.04 7.15 29.35 22.78 6.57 28.85 3.232
12:19:27 PM 26.2 26.2 7.06 7.15 28.03 22.78 5.25 27.53 2.582






[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
12:21:27 PM 26.2 26.2 7.07 7.16 27.39 22.26 5.13 26.89 2.523
12:22:27 PM 26.2 26.2 7.08 7.17 26.77 21.76 5.01 26.27 2.466
12:23:27 PM 26.2 26.2 7.09 7.18 26.16 21.26 4.90 25.66 2.409
12:24:27 PM 26.2 26.2 7.10 7.18 25.56 21.26 4.30 25.06 2.116
12:25:27 PM 26.2 26.2 7.11 7.21 24.98 19.84 5.14 24.48 2.529
12:26:27 PM 26.2 26.2 7.12 7.21 24.41 19.84 4.57 23.91 2.249
12:27:27 PM 26.2 26.2 7.12 7.22 24.41 19.39 5.02 23.91 2.471
12:28:27 PM 26.2 26.2 7.13 7.22 23.86 19.39 4.47 23.36 2.197
12:29:27 PM 26.2 26.2 7.15 7.23 22.78 18.95 3.83 22.28 1.886
12:30:27 PM 26.2 26.2 7.15 7.24 22.78 18.52 4.26 22.28 2.099
12:31:27 PM 26.2 26.2 7.16 7.23 22.26 18.95 3.31 21.76 1.631
12:32:27 PM 26.2 26.2 7.17 7.26 21.76 17.68 4.07 21.26 2.004
12:33:27 PM 26.2 26.2 7.18 7.26 21.26 17.68 3.58 20.76 1.760
12:34:27 PM 26.2 26.2 7.19 7.27 20.78 17.28 3.50 20.28 1.720
12:35:27 PM 26.2 26.2 7.20 7.27 20.31 17.28 3.02 19.81 1.488
12:36:27 PM 26.2 26.2 7.21 7.28 19.84 16.89 2.95 19.34 1.454
12:37:27 PM 26.2 26.2 7.22 7.30 19.39 16.13 3.26 18.89 1.605
12:38:27 PM 26.2 26.2 7.22 7.29 19.39 16.50 2.89 18.89 1.421
12:39:27 PM 26.2 26.2 7.23 7.30 18.95 16.13 2.82 18.45 1.388
12:40:27 PM 26.2 26.2 7.24 7.33 18.52 15.05 3.47 18.02 1.706
12:41:27 PM 26.2 26.2 7.25 7.32 18.10 15.40 2.69 17.60 1.326
12:42:27 PM 26.2 26.2 7.26 7.33 17.68 15.05 2.63 17.18 1.296
12:43:27 PM 26.2 26.2 7.27 7.33 17.28 15.05 2.23 16.78 1.097
12:44:27 PM 26.2 26.2 7.28 7.36 16.89 14.05 2.84 16.39 1.398
12:45:27 PM 26.2 26.2 7.29 7.35 16.50 14.37 2.13 16.00 1.048
12:46:27 PM 26.2 26.2 7.30 7.36 16.13 14.05 2.08 15.63 1.024
12:47:27 PM 26.2 26.2 7.31 7.38 15.76 13.42 2.35 15.26 1.155
12:48:27 PM 26.2 26.2 7.31 7.39 15.76 13.11 2.65 15.26 1.305
12:49:27 PM 26.2 26.2 7.32 7.39 15.40 13.11 2.29 14.90 1.128
12:50:27 PM 26.2 26.2 7.33 7.40 15.05 12.81 2.24 14.55 1.103
12:51:27 PM 26.2 26.2 7.34 7.41 14.71 12.52 2.19 14.21 1.078
12:52:27 PM 26.2 26.2 7.35 7.42 14.37 12.24 2.14 13.87 1.053
12:53:27 PM 26.2 26.2 7.36 7.43 14.05 11.96 2.09 13.55 1.029
12:54:27 PM 26.2 26.2 7.37 7.42 13.73 12.24 1.49 13.23 0.735
1:12:27 PM 26.3 26.2 7.51 7.56 9.95 8.86 1.08 9.45 0.532






[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
12:56:27 PM 26.2 26.2 7.38 7.44 13.42 11.68 1.73 12.92 0.852
12:57:27 PM 26.2 26.2 7.39 7.46 13.11 11.16 1.95 12.61 0.960
12:58:27 PM 26.2 26.2 7.40 7.47 12.81 10.90 1.91 12.31 0.939
12:59:27 PM 26.2 26.2 7.40 7.47 12.81 10.90 1.91 12.31 0.939
1:00:27 PM 26.2 26.2 7.42 7.48 12.24 10.66 1.58 11.74 0.777
1:01:27 PM 26.2 26.2 7.42 7.48 12.24 10.66 1.58 11.74 0.777
1:02:27 PM 26.2 26.2 7.43 7.49 11.96 10.41 1.54 11.46 0.759
1:03:27 PM 26.2 26.2 7.44 7.50 11.68 10.18 1.51 11.18 0.742
1:04:27 PM 26.3 26.2 7.45 7.50 11.42 10.18 1.24 10.92 0.611
1:05:27 PM 26.3 26.2 7.46 7.51 11.16 9.95 1.21 10.66 0.597
1:06:27 PM 26.3 26.2 7.46 7.51 11.16 9.95 1.21 10.66 0.597
1:07:27 PM 26.3 26.2 7.47 7.53 10.90 9.50 1.41 10.40 0.692
1:08:27 PM 26.3 26.2 7.48 7.53 10.66 9.50 1.16 10.16 0.570
1:09:27 PM 26.3 26.2 7.49 7.53 10.41 9.50 0.92 9.91 0.451
1:10:27 PM 26.3 26.2 7.50 7.55 10.18 9.07 1.11 9.68 0.545










[liters] [sec] [l min‐1] [mg l‐1]
2:00 PM 20.06 3.56 338.09 157
2:45 PM 20.06 3.62 332.49 155
3:15 PM 20.06 3.44 349.88 154
3:35 PM 20.06 3.52 341.93 158
Lift 38.1 cm QL,ave  340.60 l min
‐1
Cs  0.5 mg l
‐1 QG,ave  495.00 l min
‐1
FWCO2 44.01 g mol‐1 QG:QL 1.45
211
2:02:47 PM 26.3 26.3 6.74 6.79 58.10 51.78 6.32 57.60 3.099






[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
1:54:43 PM 26.3 26.3 7.66 7.66 6.98 6.98 0.00 6.48 0.000
1:54:53 PM 26.3 26.3 7.66 7.66 6.98 6.98 0.00 6.48 0.000
1:55:04 PM 26.3 26.3 7.65 7.54 7.15 9.21 ‐2.06 6.65 ‐1.010
1:55:13 PM 26.3 26.3 7.62 7.39 7.66 13.01 ‐5.35 7.16 ‐2.623
1:55:23 PM 26.3 26.3 7.50 7.04 10.10 29.12 ‐19.02 9.60 ‐9.329
1:55:33 PM 26.3 26.3 7.21 6.93 19.69 37.51 ‐17.82 19.19 ‐8.742
1:55:44 PM 26.3 26.3 7.13 7.01 23.67 31.20 ‐7.53 23.17 ‐3.694
1:55:53 PM 26.3 26.3 7.05 7.01 28.45 31.20 ‐2.75 27.95 ‐1.346
1:56:03 PM 26.3 26.3 7.01 6.94 31.20 36.66 ‐5.46 30.70 ‐2.676
1:56:13 PM 26.3 26.3 6.94 6.91 36.66 39.28 ‐2.62 36.16 ‐1.286
1:56:24 PM 26.3 26.3 6.90 6.93 40.19 37.51 2.68 39.69 1.316
1:56:33 PM 26.3 26.3 6.83 6.81 47.22 49.45 ‐2.23 46.72 ‐1.092
1:56:43 PM 26.3 26.3 6.81 6.80 49.45 50.60 ‐1.15 48.95 ‐0.565
1:56:53 PM 26.3 26.3 6.75 6.74 56.77 58.10 ‐1.32 56.27 ‐0.649
1:57:04 PM 26.3 26.3 6.71 6.77 62.25 54.22 8.03 61.75 3.940
1:57:13 PM 26.3 26.3 6.70 6.74 63.70 58.10 5.60 63.20 2.749
1:57:23 PM 26.3 26.3 6.72 6.73 60.83 59.45 1.38 60.33 0.679
1:57:33 PM 26.3 26.3 6.70 6.73 63.70 59.45 4.25 63.20 2.085
1:57:43 PM 26.3 26.3 6.70 6.71 63.70 62.25 1.45 63.20 0.711
1:57:53 PM 26.3 26.3 6.71 6.74 62.25 58.10 4.15 61.75 2.038
1:58:03 PM 26.3 26.3 6.70 6.70 63.70 63.70 0.00 63.20 0.000
1:58:14 PM 26.3 26.3 6.71 6.70 62.25 63.70 ‐1.45 61.75 ‐0.711
1:58:23 PM 26.3 26.3 6.71 6.72 62.25 60.83 1.42 61.75 0.695
1:58:33 PM 26.3 26.3 6.71 6.73 62.25 59.45 2.80 61.75 1.374
1:58:44 PM 26.3 26.3 6.72 6.74 60.83 58.10 2.74 60.33 1.343
1:58:53 PM 26.3 26.3 6.72 6.77 60.83 54.22 6.62 60.33 3.245
1:59:03 PM 26.3 26.3 6.72 6.77 60.83 54.22 6.62 60.33 3.245
1:59:14 PM 26.3 26.3 6.72 6.76 60.83 55.48 5.35 60.33 2.625
1:59:23 PM 26.3 26.3 6.72 6.76 60.83 55.48 5.35 60.33 2.625
1:59:33 PM 26.3 26.3 6.72 6.76 60.83 55.48 5.35 60.33 2.625
1:59:47 PM 26.3 26.3 6.72 6.77 60.83 54.22 6.62 60.33 3.245
2:00:47 PM 26.3 26.3 6.72 6.79 60.83 51.78 9.06 60.33 4.441
2:01:47 PM 26.3 26.3 6.73 6.79 59.45 51.78 7.67 58.95 3.762
2:37:47 PM 26.3 26.3 7.06 7.14 27.81 23.13 4.68 27.31 2.294






[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO  day‐1]2
2:04:47 PM 26.3 26.3 6.76 6.82 55.48 48.32 7.16 54.98 3.511
2:05:47 PM 26.3 26.3 6.76 6.82 55.48 48.32 7.16 54.98 3.511
2:06:47 PM 26.3 26.3 6.77 6.83 54.22 47.22 7.00 53.72 3.431
2:07:47 PM 26.3 26.3 6.77 6.84 54.22 46.15 8.07 53.72 3.958
2:08:47 PM 26.3 26.3 6.78 6.85 52.98 45.10 7.89 52.48 3.868
2:09:47 PM 26.3 26.3 6.79 6.87 51.78 43.07 8.71 51.28 4.272
2:10:47 PM 26.3 26.3 6.80 6.88 50.60 42.09 8.51 50.10 4.175
2:11:47 PM 26.3 26.3 6.81 6.88 49.45 42.09 7.36 48.95 3.610
2:12:47 PM 26.3 26.3 6.82 6.89 48.32 41.13 7.19 47.82 3.528
2:13:47 PM 26.3 26.3 6.82 6.91 48.32 39.28 9.04 47.82 4.436
2:14:47 PM 26.3 26.3 6.84 6.92 46.15 38.38 7.76 45.65 3.808
2:15:47 PM 26.3 26.3 6.84 6.93 46.15 37.51 8.64 45.65 4.236
2:16:47 PM 26.3 26.3 6.84 6.94 46.15 36.66 9.49 45.65 4.655
2:17:47 PM 26.3 26.3 6.87 6.95 43.07 35.82 7.25 42.57 3.554
2:18:47 PM 26.3 26.3 6.88 6.96 42.09 35.01 7.08 41.59 3.473
2:19:47 PM 26.3 26.3 6.89 6.97 41.13 34.21 6.92 40.63 3.394
2:20:47 PM 26.3 26.3 6.90 6.97 40.19 34.21 5.98 39.69 2.934
2:21:47 PM 26.3 26.3 6.91 6.99 39.28 32.67 6.61 38.78 3.241
2:22:47 PM 26.3 26.3 6.92 6.99 38.38 32.67 5.71 37.88 2.802
2:23:47 PM 26.3 26.3 6.93 7.01 37.51 31.20 6.31 37.01 3.095
2:24:47 PM 26.3 26.3 6.93 7.02 37.51 30.49 7.02 37.01 3.443
2:25:47 PM 26.3 26.3 6.94 7.03 36.66 29.79 6.86 36.16 3.365
2:26:47 PM 26.3 26.3 6.96 7.03 35.01 29.79 5.21 34.51 2.556
2:27:47 PM 26.3 26.3 6.96 7.04 35.01 29.12 5.89 34.51 2.888
2:28:47 PM 26.3 26.3 6.98 7.06 33.43 27.81 5.62 32.93 2.758
2:29:47 PM 26.3 26.3 6.98 7.07 33.43 27.17 6.26 32.93 3.069
2:30:47 PM 26.3 26.3 6.99 7.07 32.67 27.17 5.50 32.17 2.696
2:31:47 PM 26.3 26.3 7.00 7.09 31.93 25.95 5.98 31.43 2.931
2:32:47 PM 26.3 26.3 7.01 7.09 31.20 25.95 5.25 30.70 2.574
2:33:47 PM 26.3 26.3 7.02 7.10 30.49 25.36 5.13 29.99 2.516
2:34:47 PM 26.3 26.3 7.03 7.11 29.79 24.78 5.01 29.29 2.458
2:35:47 PM 26.3 26.3 7.04 7.12 29.12 24.22 4.90 28.62 2.402
2:36:47 PM 26.3 26.3 7.06 7.13 27.81 23.67 4.14 27.31 2.030
3:12:47 PM 26.4 26.3 7.38 7.45 13.31 11.33 1.98 12.81 0.972






[°C] pH [mg l‐1] C  ‐ C C CTR t out
[mg l‐1]
deficit
[mg l‐1] [kg CO  day‐1]Time Inlet  Outlet Inlet  Outlet Inlet  Outlet 2
2:39:47 PM 26.3 26.3 7.08 7.16 26.55 22.09 4.47 26.05 2.191
2:40:47 PM 26.3 26.3 7.09 7.17 25.95 21.58 4.37 25.45 2.141
2:41:47 PM 26.3 26.3 7.10 7.19 25.36 20.61 4.75 24.86 2.328
2:42:47 PM 26.3 26.3 7.11 7.19 24.78 20.61 4.17 24.28 2.045
2:43:47 PM 26.3 26.3 7.12 7.20 24.22 20.14 4.07 23.72 1.998
2:44:47 PM 26.3 26.3 7.13 7.21 23.67 19.69 3.98 23.17 1.953
2:45:47 PM 26.3 26.3 7.14 7.22 23.13 19.24 3.89 22.63 1.908
2:46:47 PM 26.3 26.3 7.15 7.22 22.60 19.24 3.36 22.10 1.650
2:47:47 PM 26.3 26.3 7.15 7.23 22.60 18.80 3.80 22.10 1.865
2:48:47 PM 26.4 26.3 7.16 7.25 22.09 17.95 4.13 21.59 2.028
2:49:47 PM 26.4 26.3 7.18 7.26 21.09 17.54 3.55 20.59 1.740
2:50:47 PM 26.4 26.3 7.18 7.26 21.09 17.54 3.55 20.59 1.740
2:51:47 PM 26.4 26.3 7.20 7.28 20.14 16.75 3.39 19.64 1.662
2:52:47 PM 26.4 26.3 7.20 7.28 20.14 16.75 3.39 19.64 1.662
2:53:47 PM 26.4 26.3 7.21 7.29 19.69 16.37 3.31 19.19 1.624
2:54:47 PM 26.4 26.3 7.22 7.29 19.24 16.37 2.86 18.74 1.405
2:55:47 PM 26.4 26.3 7.23 7.30 18.80 16.00 2.80 18.30 1.373
2:56:47 PM 26.4 26.3 7.24 7.32 18.37 15.28 3.09 17.87 1.516
2:57:47 PM 26.4 26.3 7.25 7.33 17.95 14.93 3.02 17.45 1.481
2:58:47 PM 26.4 26.3 7.26 7.33 17.54 14.93 2.61 17.04 1.281
2:59:47 PM 26.4 26.3 7.27 7.34 17.15 14.59 2.55 16.65 1.252
3:00:47 PM 26.4 26.3 7.28 7.35 16.75 14.26 2.49 16.25 1.223
3:01:47 PM 26.4 26.3 7.29 7.36 16.37 13.94 2.44 15.87 1.195
3:02:47 PM 26.4 26.3 7.29 7.37 16.37 13.62 2.75 15.87 1.351
3:03:47 PM 26.4 26.3 7.30 7.37 16.00 13.62 2.38 15.50 1.168
3:04:47 PM 26.4 26.3 7.31 7.38 15.64 13.31 2.33 15.14 1.142
3:05:47 PM 26.4 26.3 7.32 7.40 15.28 12.71 2.57 14.78 1.261
3:06:47 PM 26.4 26.3 7.34 7.40 14.59 12.71 1.88 14.09 0.924
3:07:47 PM 26.4 26.3 7.35 7.41 14.26 12.42 1.84 13.76 0.903
3:08:47 PM 26.4 26.3 7.35 7.42 14.26 12.14 2.12 13.76 1.041
3:09:47 PM 26.4 26.3 7.35 7.42 14.26 12.14 2.12 13.76 1.041
3:10:47 PM 26.4 26.3 7.37 7.43 13.62 11.86 1.76 13.12 0.862
3:11:47 PM 26.4 26.3 7.38 7.44 13.31 11.59 1.72 12.81 0.842
3:24:47 PM 26.4 26.3 7.49 7.54 10.33 9.21 1.12 9.83 0.551
3:25:47 PM 26.4 26.3 7.50 7.55 10.10 9.00 1.10 9.60 0.538
15.2 2 38.1 CTR = 0.0905*Cdeficit 0.959
15.2 3 38.1 CTR = 0.0822*C 0.966
Ave 0.022 0.021 0.019 0.018 0.0045 0.0044
















Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg CO2 day ]
3:14:47 PM 26.4 26.3 7.40 7.47 12.71 10.82 1.89 12.21 0.928
3:15:47 PM 26.4 26.3 7.41 7.47 12.42 10.82 1.60 11.92 0.786
3:16:47 PM 26.4 26.3 7.42 7.48 12.14 10.57 1.57 11.64 0.768
3:17:47 PM 26.4 26.3 7.43 7.49 11.86 10.33 1.53 11.36 0.751
3:18:47 PM 26.4 26.3 7.43 7.51 11.86 9.87 2.00 11.36 0.979
3:19:47 PM 26.4 26.3 7.44 7.50 11.59 10.10 1.50 11.09 0.734
3:20:47 PM 26.4 26.3 7.45 7.52 11.33 9.64 1.69 10.83 0.827
3:21:47 PM 26.4 26.3 7.46 7.52 11.07 9.64 1.43 10.57 0.701
3:22:47 PM 26.4 26.3 7.47 7.53 10.82 9.42 1.40 10.32 0.685
3:23:47 PM 26.4 26.3 7.48 7.54 10.57 9.21 1.36 10.07 0.669




Air‐lift [cm] Trial  Lift [cm] deficit
15.2 1 38.1 CTR = 0.0864*Cdeficit 0.942
deficit
pH/Alkalinity K a and SCTR Summary for 495 l min‐1 air injectionL
‐1 ‐1 ‐1KLa [min ] KLa20 [min ] SCTR [kg hr ]
Air‐lift [cm] Trial  Inlet Outlet Inlet Outlet Inlet Outlet
15.2 1 0.022 0.022 0.019 0.019 0.0045 0.0046
15.2 2 0.021 0.020 0.018 0.017 0.0044 0.0042














1:00 PM 20.06 2.40 501.50 160
1:15 PM 20.06 2.35 512.17 158
1:45 PM 20.06 2.44 493.28 157
2:15 PM 20.06 2.41 499.42 158
Lift 30 cm QL,ave  501.59 l min
‐1
Cs  0.5 mg l
‐1 QG,ave  580.40 l min
‐1
FWCO2 44.01 g mol‐1 QG:QL 1.16





[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
12:55:28 PM 26.5 26.5 7.45 7.45 11.52 11.52 0.00 11.02 0.000
12:55:38 PM 26.5 26.5 7.45 7.46 11.52 11.25 0.26 11.02 0.189
12:55:49 PM 26.5 26.4 7.44 7.45 11.78 11.52 0.27 11.28 0.194
12:55:58 PM 26.5 26.5 7.31 7.34 15.90 14.84 1.06 15.40 0.766
12:56:08 PM 26.5 26.5 7.16 7.17 22.46 21.94 0.51 21.96 0.369
12:56:18 PM 26.5 26.5 7.11 7.09 25.20 26.38 ‐1.19 24.70 ‐0.858
12:56:29 PM 26.5 26.5 7.11 7.12 25.20 24.62 0.57 24.70 0.414
12:56:38 PM 26.5 26.5 7.05 7.07 28.93 27.63 1.30 28.43 0.940
12:56:48 PM 26.5 26.5 6.95 6.96 36.42 35.59 0.83 35.92 0.599
12:56:58 PM 26.5 26.5 6.95 6.94 36.42 37.27 ‐0.85 35.92 ‐0.613
12:57:10 PM 26.5 26.5 6.88 6.87 42.79 43.78 ‐1.00 42.29 ‐0.720
12:57:18 PM 26.5 26.5 6.93 6.92 38.13 39.02 ‐0.89 37.63 ‐0.642
12:57:28 PM 26.5 26.5 6.87 6.86 43.78 44.80 ‐1.02 43.28 ‐0.737
12:57:38 PM 26.5 26.5 6.83 6.82 48.01 49.13 ‐1.12 47.51 ‐0.808
12:57:48 PM 26.5 26.5 6.85 6.85 45.85 45.85 0.00 45.35 0.000
12:57:58 PM 26.5 26.5 6.77 6.81 55.12 50.27 4.85 54.62 3.503






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
12:58:18 PM 26.5 26.5 6.82 6.82 49.13 49.13 0.00 48.63 0.000
12:58:29 PM 26.5 26.5 6.77 6.79 55.12 52.64 2.48 54.62 1.792
12:58:38 PM 26.5 26.5 6.80 6.75 51.44 57.72 ‐6.28 50.94 ‐4.534
12:58:48 PM 26.5 26.5 6.75 6.77 57.72 55.12 2.60 57.22 1.876
12:58:58 PM 26.5 26.5 6.79 6.80 52.64 51.44 1.20 52.14 0.865
12:59:08 PM 26.5 26.5 6.77 6.79 55.12 52.64 2.48 54.62 1.792
12:59:18 PM 26.5 26.5 6.81 6.81 50.27 50.27 0.00 49.77 0.000
12:59:28 PM 26.5 26.5 6.82 6.84 49.13 46.92 2.21 48.63 1.597
12:59:40 PM 26.5 26.5 6.81 6.84 50.27 46.92 3.36 49.77 2.424
12:59:48 PM 26.5 26.5 6.79 6.85 52.64 45.85 6.79 52.14 4.906
12:59:58 PM 26.5 26.5 6.79 6.83 52.64 48.01 4.63 52.14 3.345
1:00:08 PM 26.5 26.5 6.79 6.84 52.64 46.92 5.72 52.14 4.135
1:00:18 PM 26.5 26.5 6.79 6.85 52.64 45.85 6.79 52.14 4.906
1:00:28 PM 26.5 26.5 6.79 6.87 52.64 43.78 8.86 52.14 6.397
1:00:38 PM 26.5 26.5 6.78 6.86 53.87 44.80 9.06 53.37 6.546
1:00:48 PM 26.5 26.5 6.80 6.85 51.44 45.85 5.59 50.94 4.041
1:00:58 PM 26.5 26.5 6.81 6.84 50.27 46.92 3.36 49.77 2.424
1:01:08 PM 26.5 26.5 6.81 6.87 50.27 43.78 6.49 49.77 4.685
1:01:18 PM 26.5 26.5 6.81 6.87 50.27 43.78 6.49 49.77 4.685
1:01:28 PM 26.5 26.5 6.80 6.86 51.44 44.80 6.64 50.94 4.794
1:01:39 PM 26.5 26.5 6.80 6.85 51.44 45.85 5.59 50.94 4.041
1:01:48 PM 26.5 26.5 6.80 6.87 51.44 43.78 7.66 50.94 5.531
1:01:58 PM 26.5 26.5 6.80 6.88 51.44 42.79 8.65 50.94 6.251
1:02:19 PM 26.5 26.5 6.80 6.88 51.44 42.79 8.65 50.94 6.251
1:03:19 PM 26.5 26.5 6.82 6.89 49.13 41.81 7.31 48.63 5.282
1:04:19 PM 26.5 26.5 6.84 6.89 46.92 41.81 5.10 46.42 3.685
1:05:19 PM 26.5 26.5 6.85 6.89 45.85 41.81 4.03 45.35 2.914
1:06:19 PM 26.5 26.5 6.85 6.92 45.85 39.02 6.82 45.35 4.930
1:07:19 PM 26.5 26.5 6.85 6.92 45.85 39.02 6.82 45.35 4.930
1:08:19 PM 26.5 26.5 6.85 6.94 45.85 37.27 8.58 45.35 6.198
1:09:19 PM 26.5 26.5 6.86 6.95 44.80 36.42 8.39 44.30 6.057
1:10:19 PM 26.5 26.5 6.87 6.97 43.78 34.78 9.01 43.28 6.504
1:11:19 PM 26.5 26.5 6.88 6.97 42.79 34.78 8.01 42.29 5.784
1:12:19 PM 26.5 26.5 6.89 6.99 41.81 33.21 8.60 41.31 6.212






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
1:14:19 PM 26.5 26.5 6.91 7.02 39.93 31.00 8.93 39.43 6.454
1:15:19 PM 26.5 26.5 6.92 7.02 39.02 31.00 8.03 38.52 5.797
1:16:19 PM 26.5 26.5 6.93 7.03 38.13 30.29 7.84 37.63 5.665
1:17:19 PM 26.5 26.5 6.94 7.03 37.27 30.29 6.98 36.77 5.038
1:18:19 PM 26.5 26.5 6.95 7.05 36.42 28.93 7.49 35.92 5.410
1:19:19 PM 26.5 26.5 6.96 7.08 35.59 27.00 8.59 35.09 6.206
1:20:19 PM 26.5 26.5 6.97 7.07 34.78 27.63 7.15 34.28 5.167
1:21:19 PM 26.5 26.5 6.98 7.10 33.99 25.78 8.21 33.49 5.927
1:22:19 PM 26.5 26.5 7.00 7.10 32.46 25.78 6.68 31.96 4.822
1:23:19 PM 26.5 26.5 7.01 7.11 31.72 25.20 6.52 31.22 4.712
1:24:19 PM 26.5 26.5 7.02 7.12 31.00 24.62 6.38 30.50 4.605
1:25:19 PM 26.5 26.5 7.03 7.12 30.29 24.62 5.67 29.79 4.095
1:26:19 PM 26.5 26.5 7.04 7.15 29.60 22.98 6.62 29.10 4.784
1:27:19 PM 26.5 26.5 7.05 7.15 28.93 22.98 5.95 28.43 4.297
1:28:19 PM 26.5 26.5 7.06 7.16 28.27 22.46 5.81 27.77 4.200
1:29:19 PM 26.5 26.5 7.08 7.18 27.00 21.44 5.55 26.50 4.011
1:30:19 PM 26.5 26.5 7.09 7.19 26.38 20.96 5.43 25.88 3.919
1:31:19 PM 26.5 26.5 7.09 7.20 26.38 20.48 5.90 25.88 4.264
1:32:19 PM 26.5 26.5 7.11 7.21 25.20 20.01 5.18 24.70 3.743
1:33:19 PM 26.5 26.5 7.12 7.22 24.62 19.56 5.06 24.12 3.658
1:34:19 PM 26.5 26.5 7.14 7.23 23.51 19.11 4.40 23.01 3.179
1:35:19 PM 26.6 26.5 7.14 7.23 23.51 19.11 4.40 23.01 3.179
1:36:19 PM 26.6 26.5 7.16 7.26 22.46 17.84 4.62 21.96 3.336
1:37:19 PM 26.6 26.5 7.17 7.25 21.94 18.25 3.69 21.44 2.667
1:38:19 PM 26.6 26.5 7.17 7.28 21.94 17.03 4.91 21.44 3.546
1:39:19 PM 26.6 26.5 7.19 7.28 20.96 17.03 3.92 20.46 2.833
1:40:19 PM 26.6 26.5 7.20 7.30 20.48 16.27 4.21 19.98 3.042
1:41:19 PM 26.6 26.5 7.21 7.30 20.01 16.27 3.75 19.51 2.706
1:42:19 PM 26.6 26.5 7.22 7.32 19.56 15.54 4.02 19.06 2.905
1:43:19 PM 26.6 26.5 7.24 7.31 18.68 15.90 2.78 18.18 2.008
1:44:19 PM 26.6 26.5 7.24 7.35 18.68 14.50 4.18 18.18 3.019
1:45:19 PM 26.6 26.5 7.25 7.34 18.25 14.84 3.42 17.75 2.468
1:46:19 PM 26.6 26.5 7.26 7.36 17.84 14.17 3.67 17.34 2.650
1:47:19 PM 26.6 26.5 7.28 7.36 17.03 14.17 2.87 16.53 2.070






[mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
1:49:19 PM 26.6 26.5 7.30 7.39 16.27 13.22 3.04 15.77 2.199
1:50:19 PM 26.6 26.5 7.30 7.38 16.27 13.53 2.74 15.77 1.977
1:51:19 PM 26.6 26.5 7.31 7.42 15.90 12.34 3.56 15.40 2.569
1:52:19 PM 26.6 26.5 7.33 7.42 15.18 12.34 2.84 14.68 2.052
1:53:19 PM 26.6 26.5 7.34 7.43 14.84 12.06 2.78 14.34 2.006
1:54:19 PM 26.6 26.5 7.36 7.44 14.17 11.78 2.38 13.67 1.722
1:55:19 PM 26.6 26.5 7.37 7.45 13.85 11.52 2.33 13.35 1.682
1:56:19 PM 26.6 26.5 7.37 7.47 13.85 11.00 2.85 13.35 2.057
1:57:19 PM 26.6 26.5 7.38 7.46 13.53 11.25 2.28 13.03 1.644
1:58:19 PM 26.6 26.5 7.39 7.48 13.22 10.75 2.47 12.72 1.788
1:59:19 PM 26.6 26.5 7.41 7.49 12.63 10.50 2.12 12.13 1.534
2:00:19 PM 26.6 26.5 7.41 7.49 12.63 10.50 2.12 12.13 1.534
2:01:19 PM 26.6 26.5 7.43 7.50 12.06 10.26 1.80 11.56 1.297
2:02:19 PM 26.6 26.5 7.44 7.52 11.78 9.80 1.98 11.28 1.432
2:03:19 PM 26.6 26.5 7.45 7.53 11.52 9.58 1.94 11.02 1.399
2:04:19 PM 26.6 26.5 7.46 7.53 11.25 9.58 1.68 10.75 1.210
2:05:19 PM 26.6 26.5 7.47 7.54 11.00 9.36 1.64 10.50 1.183
2:06:19 PM 26.6 26.5 7.48 7.55 10.75 9.15 1.60 10.25 1.156
2:07:19 PM 26.6 26.5 7.49 7.56 10.50 8.94 1.56 10.00 1.129
2:08:19 PM 26.6 26.5 7.49 7.58 10.50 8.54 1.97 10.00 1.420
2:09:19 PM 26.6 26.5 7.51 7.59 10.03 8.34 1.69 9.53 1.219
2:10:19 PM 26.6 26.5 7.51 7.60 10.03 8.15 1.88 9.53 1.356
2:11:19 PM 26.6 26.5 7.53 7.60 9.58 8.15 1.43 9.08 1.030
219
3:45 PM 20.06 2.46 489.27 157
tank 3













2:35 PM 20.06 2.42 497.36 156
3:00 PM 20.06 2.36 510.00 158
3:15 PM 20.06 2.5 481.44 157













[mg l‐1] C  ‐ C C CTR 





2:30:29 PM 26.6 26.6 7.25 7.25 18.07 18.07 0.00 17.57 0.000
2:30:39 PM 26.6 26.6 7.27 7.22 17.25 19.36 ‐2.11 16.75 ‐1.499
2:30:49 PM 26.6 26.5 7.29 7.12 16.48 24.37 ‐7.89 15.98 ‐5.622
2:30:59 PM 26.6 26.6 7.29 6.85 16.48 45.39 ‐28.91 15.98 ‐20.585
2:31:09 PM 26.6 26.6 7.20 6.94 20.27 36.89 ‐16.62 19.77 ‐11.833
2:31:19 PM 26.6 26.6 7.12 6.94 24.37 36.89 ‐12.52 23.87 ‐8.914
2:31:30 PM 26.6 26.6 7.13 6.86 23.82 44.35 ‐20.53 23.32 ‐14.622
2:31:39 PM 26.6 26.6 7.01 6.89 31.40 41.39 ‐9.99 30.90 ‐7.116
2:31:49 PM 26.6 26.6 6.92 6.82 38.63 48.63 ‐10.00 38.13 ‐7.122
2:31:59 PM 26.6 26.6 6.99 6.78 32.88 53.32 ‐20.44 32.38 ‐14.558
2:32:10 PM 26.6 26.6 6.99 6.76 32.88 55.84 ‐22.96 32.38 ‐16.348
2:32:19 PM 26.6 26.6 6.92 6.83 38.63 47.52 ‐8.90 38.13 ‐6.334
2:32:29 PM 26.6 26.6 6.76 6.82 55.84 48.63 7.20 55.34 5.131
2:32:39 PM 26.6 26.6 6.77 6.79 54.56 52.11 2.46 54.06 1.749
2:32:49 PM 26.6 26.6 6.77 6.80 54.56 50.92 3.64 54.06 2.593
2:32:59 PM 26.6 26.6 6.77 6.80 54.56 50.92 3.64 54.06 2.593
2:33:09 PM 26.6 26.6 6.78 6.79 53.32 52.11 1.21 52.82 0.864
2:33:19 PM 26.6 26.6 6.79 6.80 52.11 50.92 1.19 51.61 0.845
2:33:29 PM 26.6 26.6 6.79 6.82 52.11 48.63 3.48 51.61 2.477














[kg CO  day‐1]Time Inlet  Outlet Inlet  Outlet Inlet  Outlet 2
2:33:49 PM 26.6 26.6 6.78 6.82 53.32 48.63 4.69 52.82 3.341
2:33:59 PM 26.6 26.6 6.78 6.81 53.32 49.76 3.56 52.82 2.534
2:34:09 PM 26.6 26.6 6.78 6.82 53.32 48.63 4.69 52.82 3.341
2:34:19 PM 26.6 26.6 6.78 6.82 53.32 48.63 4.69 52.82 3.341
2:34:29 PM 26.6 26.6 6.79 6.82 52.11 48.63 3.48 51.61 2.477
2:34:39 PM 26.6 26.6 6.79 6.82 52.11 48.63 3.48 51.61 2.477
2:34:50 PM 26.6 26.6 6.78 6.84 53.32 46.44 6.88 52.82 4.900
2:34:59 PM 26.6 26.6 6.78 6.84 53.32 46.44 6.88 52.82 4.900
2:35:09 PM 26.6 26.6 6.78 6.83 53.32 47.52 5.80 52.82 4.129
2:35:19 PM 26.6 26.6 6.78 6.82 53.32 48.63 4.69 52.82 3.341
2:35:30 PM 26.6 26.6 6.79 6.84 52.11 46.44 5.67 51.61 4.035
2:35:39 PM 26.6 26.6 6.79 6.86 52.11 44.35 7.76 51.61 5.524
2:35:49 PM 26.6 26.6 6.79 6.84 52.11 46.44 5.67 51.61 4.035
2:36:00 PM 26.6 26.6 6.79 6.84 52.11 46.44 5.67 51.61 4.035
2:36:23 PM 26.6 26.6 6.79 6.84 52.11 46.44 5.67 51.61 4.035
2:37:23 PM 26.6 26.6 6.81 6.87 49.76 43.34 6.42 49.26 4.573
2:38:23 PM 26.6 26.6 6.83 6.88 47.52 42.36 5.17 47.02 3.680
2:39:23 PM 26.6 26.6 6.83 6.87 47.52 43.34 4.18 47.02 2.978
2:40:23 PM 26.6 26.6 6.83 6.90 47.52 40.45 7.07 47.02 5.038
2:41:23 PM 26.6 26.6 6.84 6.92 46.44 38.63 7.81 45.94 5.564
2:42:23 PM 26.6 26.6 6.84 6.92 46.44 38.63 7.81 45.94 5.564
2:43:23 PM 26.6 26.6 6.85 6.95 45.39 36.05 9.33 44.89 6.647
2:44:23 PM 26.6 26.6 6.87 6.95 43.34 36.05 7.29 42.84 5.192
2:45:23 PM 26.6 26.6 6.89 6.96 41.39 35.23 6.16 40.89 4.388
2:46:23 PM 26.6 26.6 6.91 6.98 39.53 33.64 5.88 39.03 4.190
2:47:23 PM 26.6 26.6 6.92 6.98 38.63 33.64 4.98 38.13 3.550
2:48:23 PM 26.6 26.6 6.93 7.00 37.75 32.13 5.62 37.25 4.002
2:49:23 PM 26.6 26.6 6.95 7.02 36.05 30.68 5.37 35.55 3.822
2:50:23 PM 26.6 26.6 6.97 7.03 34.43 29.99 4.44 33.93 3.164
2:51:23 PM 26.6 26.6 6.97 7.04 34.43 29.30 5.13 33.93 3.650
2:52:23 PM 26.6 26.6 7.00 7.06 32.13 27.98 4.15 31.63 2.952
2:53:23 PM 26.6 26.6 7.01 7.06 31.40 27.98 3.41 30.90 2.432
2:54:23 PM 26.6 26.6 7.03 7.08 29.99 26.72 3.26 29.49 2.322
2:55:23 PM 26.6 26.6 7.03 7.09 29.99 26.12 3.87 29.49 2.755












Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg CO2 day ]
2:57:23 PM 26.6 26.6 7.06 7.12 27.98 24.37 3.61 27.48 2.571
2:58:23 PM 26.6 26.6 7.08 7.14 26.72 23.28 3.45 26.22 2.456
2:59:23 PM 26.6 26.6 7.09 7.16 26.12 22.23 3.89 25.62 2.768
3:00:23 PM 26.6 26.6 7.10 7.15 25.52 22.75 2.78 25.02 1.976
3:01:23 PM 26.6 26.6 7.11 7.16 24.94 22.23 2.71 24.44 1.931
3:02:23 PM 26.6 26.6 7.12 7.17 24.37 21.72 2.65 23.87 1.887
3:03:29 PM 26.6 26.6 7.13 7.18 23.82 21.23 2.59 23.32 1.845
3:04:29 PM 26.6 26.6 7.15 7.20 22.75 20.27 2.47 22.25 1.761
3:05:29 PM 26.6 26.6 7.16 7.22 22.23 19.36 2.87 21.73 2.043
3:06:29 PM 26.6 26.6 7.18 7.23 21.23 18.92 2.31 20.73 1.644
3:07:29 PM 26.6 26.6 7.19 7.24 20.75 18.49 2.26 20.25 1.607
3:08:29 PM 26.6 26.6 7.21 7.25 19.81 18.07 1.74 19.31 1.241
3:09:29 PM 26.6 26.6 7.21 7.27 19.81 17.25 2.56 19.31 1.820
3:10:29 PM 26.6 26.6 7.21 7.28 19.81 16.86 2.95 19.31 2.100
3:11:29 PM 26.6 26.6 7.23 7.29 18.92 16.48 2.44 18.42 1.738
3:12:29 PM 26.6 26.6 7.24 7.29 18.49 16.48 2.01 17.99 1.432
3:13:29 PM 26.6 26.6 7.25 7.31 18.07 15.74 2.33 17.57 1.660
3:14:29 PM 26.7 26.6 7.26 7.31 17.66 15.74 1.92 17.16 1.367
3:15:29 PM 26.7 26.6 7.28 7.33 16.86 15.03 1.83 16.36 1.306
3:16:29 PM 26.7 26.6 7.29 7.35 16.48 14.35 2.13 15.98 1.514
3:17:29 PM 26.7 26.6 7.29 7.36 16.48 14.03 2.45 15.98 1.747
3:18:29 PM 26.7 26.6 7.31 7.37 15.74 13.71 2.03 15.24 1.446
3:19:29 PM 26.7 26.6 7.32 7.38 15.38 13.39 1.98 14.88 1.413
3:20:29 PM 26.7 26.6 7.32 7.39 15.38 13.09 2.29 14.88 1.630
3:21:29 PM 26.7 26.6 7.34 7.39 14.69 13.09 1.60 14.19 1.137
3:22:29 PM 26.7 26.6 7.35 7.41 14.35 12.50 1.85 13.85 1.319
3:23:29 PM 26.7 26.6 7.36 7.41 14.03 12.50 1.53 13.53 1.086
3:24:29 PM 26.7 26.6 7.37 7.42 13.71 12.22 1.49 13.21 1.061
3:25:29 PM 26.7 26.6 7.38 7.43 13.39 11.94 1.46 12.89 1.037
3:26:29 PM 26.7 26.6 7.37 7.45 13.71 11.40 2.31 13.21 1.642
3:27:29 PM 26.7 26.6 7.39 7.46 13.09 11.14 1.95 12.59 1.388
3:28:29 PM 26.7 26.6 7.41 7.46 12.50 11.14 1.36 12.00 0.968
3:29:29 PM 26.7 26.6 7.42 7.47 12.22 10.89 1.33 11.72 0.946
3:30:29 PM 26.7 26.6 7.43 7.48 11.94 10.64 1.30 11.44 0.924
3:43:29 PM 26.7 26.6 7.55 7.60 9.06 8.07 0.98 8.56 0.701
5:10 PM 20.06 2.32 518.79 154
Vtank 8436.9 liters Alkalinity  156 mg CaCO3 l












Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg CO2 day ]
3:32:29 PM 26.7 26.6 7.45 7.50 11.40 10.16 1.24 10.90 0.883
3:33:29 PM 26.7 26.6 7.46 7.52 11.14 9.70 1.44 10.64 1.024
3:34:29 PM 26.7 26.6 7.47 7.53 10.89 9.48 1.40 10.39 1.000
3:35:29 PM 26.7 26.6 7.49 7.52 10.40 9.70 0.69 9.90 0.494
3:36:29 PM 26.7 26.6 7.48 7.54 10.64 9.27 1.37 10.14 0.978
3:37:29 PM 26.7 26.6 7.50 7.55 10.16 9.06 1.10 9.66 0.787
3:38:29 PM 26.7 26.6 7.50 7.56 10.16 8.85 1.31 9.66 0.934
3:39:29 PM 26.7 26.6 7.52 7.57 9.70 8.65 1.06 9.20 0.751
3:40:29 PM 26.7 26.6 7.53 7.58 9.48 8.45 1.03 8.98 0.734
3:41:29 PM 26.7 26.6 7.54 7.58 9.27 8.45 0.82 8.77 0.581















4:05 PM 20.06 2.41 499.42 156
4:30 PM 20.06 2.44 493.28 157







FWCO2 44.01 g mol QG:QL 1.15
‐1
Temperature  Carbon Dioxide    





Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l ] [mg l ] [kg CO2 day
‐1]
4:00:04 PM 26.7 26.7 7.55 7.55 8.98 8.98 0.00 8.48 0.000






[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
4:00:24 PM 26.7 26.6 7.55 7.55 8.98 8.98 0.00 8.48 0.000
4:00:34 PM 26.7 26.7 7.31 7.55 15.61 8.98 6.63 15.11 4.823
4:00:44 PM 26.7 26.7 6.67 7.49 68.15 10.31 57.83 67.65 42.086
4:00:55 PM 26.7 26.6 6.47 7.48 108.00 10.55 97.45 107.50 70.918
4:01:04 PM 26.7 26.7 6.35 7.45 142.38 11.31 131.07 141.88 95.383
4:01:14 PM 26.7 26.7 6.30 7.40 159.75 12.69 147.06 159.25 107.022
4:01:24 PM 26.7 26.7 6.38 7.34 132.87 14.57 118.31 132.37 86.095
4:01:35 PM 26.7 26.7 6.45 7.29 113.09 16.35 96.75 112.59 70.407
4:01:44 PM 26.7 26.7 6.40 7.18 126.89 21.06 105.84 126.39 77.020
4:01:54 PM 26.7 26.7 6.39 6.99 129.85 32.62 97.23 129.35 70.760
4:02:04 PM 26.7 26.7 6.48 7.01 105.55 31.15 74.40 105.05 54.142
4:02:15 PM 26.7 26.7 6.63 7.04 74.72 29.07 45.65 74.22 33.222
4:02:24 PM 26.7 26.7 6.55 7.05 89.83 28.41 61.43 89.33 44.702
4:02:34 PM 26.7 26.7 6.55 7.02 89.83 30.44 59.39 89.33 43.224
4:02:44 PM 26.7 26.7 6.61 7.01 78.24 31.15 47.09 77.74 34.272
4:02:55 PM 26.7 26.7 6.69 6.89 65.08 41.06 24.02 64.58 17.478
4:03:04 PM 26.7 26.7 6.80 6.83 50.52 47.15 3.37 50.02 2.454
4:03:14 PM 26.7 26.7 6.80 6.79 50.52 51.69 ‐1.18 50.02 ‐0.856
4:03:25 PM 26.7 26.7 6.82 6.77 48.24 54.13 ‐5.89 47.74 ‐4.284
4:03:34 PM 26.7 26.7 6.81 6.81 49.37 49.37 0.00 48.87 0.000
4:03:44 PM 26.7 26.7 6.73 6.86 59.35 44.00 15.35 58.85 11.174
4:03:54 PM 26.7 26.7 6.70 6.87 63.60 43.00 20.60 63.10 14.992
4:04:05 PM 26.7 26.7 6.74 6.88 58.00 42.02 15.98 57.50 11.632
4:04:14 PM 26.7 26.7 6.83 6.89 47.15 41.06 6.08 46.65 4.427
4:04:24 PM 26.7 26.7 6.96 6.92 34.95 38.32 ‐3.37 34.45 ‐2.454
4:04:35 PM 26.7 26.7 6.86 6.93 44.00 37.45 6.55 43.50 4.767
4:04:44 PM 26.7 26.7 6.81 6.89 49.37 41.06 8.31 48.87 6.044
4:04:54 PM 26.7 26.7 6.83 6.88 47.15 42.02 5.13 46.65 3.731
4:05:05 PM 26.7 26.7 6.86 6.87 44.00 43.00 1.00 43.50 0.729
4:05:14 PM 26.7 26.7 6.90 6.91 40.13 39.21 0.91 39.63 0.665
4:05:24 PM 26.7 26.7 6.87 6.92 43.00 38.32 4.68 42.50 3.403
4:05:35 PM 26.7 26.7 6.85 6.89 45.02 41.06 3.96 44.52 2.883
4:05:44 PM 26.7 26.7 6.85 6.88 45.02 42.02 3.01 44.52 2.187
4:05:54 PM 26.7 26.7 6.86 6.87 44.00 43.00 1.00 43.50 0.729






[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
4:06:14 PM 26.7 26.7 6.86 6.92 44.00 38.32 5.68 43.50 4.132
4:06:24 PM 26.7 26.7 6.84 6.90 46.07 40.13 5.95 45.57 4.326
4:06:35 PM 26.7 26.7 6.87 6.90 43.00 40.13 2.87 42.50 2.089
4:06:44 PM 26.7 26.7 6.88 6.94 42.02 36.60 5.42 41.52 3.946
4:06:54 PM 26.7 26.7 6.87 6.92 43.00 38.32 4.68 42.50 3.403
4:07:04 PM 26.7 26.7 6.87 6.91 43.00 39.21 3.78 42.50 2.753
4:07:14 PM 26.7 26.7 6.87 6.91 43.00 39.21 3.78 42.50 2.753
4:07:25 PM 26.7 26.7 6.87 6.92 43.00 38.32 4.68 42.50 3.403
4:07:35 PM 26.7 26.7 6.87 6.92 43.00 38.32 4.68 42.50 3.403
4:07:52 PM 26.7 26.7 6.87 6.93 43.00 37.45 5.55 42.50 4.038
4:08:51 PM 26.7 26.7 6.88 6.94 42.02 36.60 5.42 41.52 3.946
4:09:51 PM 26.7 26.7 6.89 6.94 41.06 36.60 4.47 40.56 3.250
4:10:51 PM 26.7 26.7 6.89 6.96 41.06 34.95 6.11 40.56 4.448
4:11:51 PM 26.7 26.7 6.91 6.98 39.21 33.38 5.84 38.71 4.248
4:12:51 PM 26.7 26.7 6.92 7.01 38.32 31.15 7.17 37.82 5.220
4:13:51 PM 26.7 26.7 6.93 7.00 37.45 31.87 5.57 36.95 4.057
4:14:51 PM 26.7 26.7 6.95 7.03 35.76 29.75 6.02 35.26 4.379
4:15:51 PM 26.7 26.7 6.96 7.03 34.95 29.75 5.20 34.45 3.786
4:16:51 PM 26.7 26.7 6.97 7.05 34.15 28.41 5.75 33.65 4.182
4:17:51 PM 26.7 26.7 6.98 7.05 33.38 28.41 4.97 32.88 3.616
4:18:51 PM 26.7 26.7 7.00 7.08 31.87 26.51 5.36 31.37 3.902
4:19:51 PM 26.7 26.7 7.01 7.09 31.15 25.91 5.24 30.65 3.814
4:20:51 PM 26.7 26.7 7.03 7.09 29.75 25.91 3.84 29.25 2.793
4:21:51 PM 26.7 26.7 7.05 7.10 28.41 25.32 3.09 27.91 2.248
4:22:51 PM 26.7 26.7 7.06 7.10 27.76 25.32 2.44 27.26 1.778
4:23:51 PM 26.7 26.7 7.07 7.14 27.13 23.09 4.04 26.63 2.939
4:24:51 PM 26.7 26.7 7.07 7.16 27.13 22.05 5.08 26.63 3.695
4:25:51 PM 26.7 26.7 7.09 7.16 25.91 22.05 3.86 25.41 2.807
4:26:51 PM 26.7 26.7 7.10 7.17 25.32 21.55 3.77 24.82 2.743
4:27:51 PM 26.7 26.7 7.11 7.19 24.74 20.58 4.16 24.24 3.029
4:28:51 PM 26.7 26.7 7.12 7.20 24.18 20.11 4.07 23.68 2.960
4:29:51 PM 26.7 26.7 7.13 7.22 23.63 19.21 4.42 23.13 3.218
4:30:51 PM 26.7 26.7 7.14 7.20 23.09 20.11 2.98 22.59 2.168
4:31:51 PM 26.7 26.7 7.15 7.23 22.57 18.77 3.80 22.07 2.763






[°C] pH [mg l‐1] Ct ‐ Cout Cdeficit CTR 
Time Inlet  Outlet Inlet  Outlet Inlet  Outlet [mg l
‐1] [mg l‐1] [kg CO2 day
‐1]
4:33:51 PM 26.7 26.7 7.17 7.26 21.55 17.52 4.03 21.05 2.935
4:34:51 PM 26.7 26.7 7.18 7.26 21.06 17.52 3.54 20.56 2.578
4:35:51 PM 26.7 26.7 7.19 7.28 20.58 16.73 3.85 20.08 2.803
4:36:51 PM 26.7 26.7 7.20 7.29 20.11 16.35 3.76 19.61 2.739
4:37:51 PM 26.7 26.7 7.22 7.30 19.21 15.98 3.23 18.71 2.351
4:38:51 PM 26.7 26.7 7.23 7.31 18.77 15.61 3.16 18.27 2.298
4:39:51 PM 26.7 26.7 7.23 7.32 18.77 15.26 3.51 18.27 2.557
4:40:51 PM 26.8 26.7 7.25 7.33 17.92 14.91 3.02 17.42 2.195
4:41:51 PM 26.8 26.7 7.26 7.33 17.52 14.91 2.61 17.02 1.898
4:42:51 PM 26.8 26.7 7.27 7.35 17.12 14.24 2.88 16.62 2.096
4:43:51 PM 26.8 26.7 7.30 7.36 15.98 13.91 2.06 15.48 1.500
4:44:51 PM 26.8 26.7 7.31 7.38 15.61 13.29 2.32 15.11 1.691
4:45:51 PM 26.8 26.7 7.31 7.39 15.61 12.99 2.63 15.11 1.911
4:46:51 PM 26.8 26.7 7.32 7.42 15.26 12.12 3.14 14.76 2.283
4:47:51 PM 26.8 26.7 7.33 7.41 14.91 12.40 2.51 14.41 1.825
4:48:51 PM 26.8 26.7 7.34 7.43 14.57 11.84 2.73 14.07 1.985
4:49:51 PM 26.8 26.7 7.35 7.42 14.24 12.12 2.12 13.74 1.542
4:50:51 PM 26.8 26.7 7.36 7.45 13.91 11.31 2.60 13.41 1.895
4:51:51 PM 26.8 26.7 7.37 7.44 13.60 11.57 2.02 13.10 1.473
4:52:51 PM 26.8 26.7 7.38 7.46 13.29 11.05 2.24 12.79 1.627
4:53:51 PM 26.8 26.7 7.39 7.47 12.99 10.80 2.18 12.49 1.590
4:54:51 PM 26.8 26.7 7.39 7.49 12.99 10.31 2.67 12.49 1.944
4:55:51 PM 26.8 26.7 7.40 7.50 12.69 10.08 2.61 12.19 1.899
4:56:51 PM 26.8 26.7 7.42 7.50 12.12 10.08 2.04 11.62 1.484
4:57:51 PM 26.8 26.7 7.43 7.52 11.84 9.63 2.22 11.34 1.613
4:58:51 PM 26.8 26.7 7.45 7.53 11.31 9.41 1.90 10.81 1.385
4:59:51 PM 26.8 26.7 7.45 7.53 11.31 9.41 1.90 10.81 1.385
5:00:51 PM 26.8 26.7 7.46 7.54 11.05 9.19 1.86 10.55 1.353
5:01:51 PM 26.8 26.7 7.47 7.55 10.80 8.98 1.82 10.30 1.322
5:02:51 PM 26.8 26.7 7.48 7.56 10.55 8.78 1.78 10.05 1.292
5:03:51 PM 26.8 26.7 7.49 7.57 10.31 8.58 1.74 9.81 1.263
5:04:51 PM 26.8 26.7 7.50 7.57 10.08 8.58 1.50 9.58 1.092
5:05:51 PM 26.8 26.7 7.50 7.59 10.08 8.19 1.89 9.58 1.373
5:06:51 PM 26.8 26.7 7.51 7.60 9.85 8.01 1.84 9.35 1.342
 injection
20.3 3 30 CTR = 0.1185*Cdeficit 0.864





Air‐lift [cm] Trial  Lift   C[cm] for deficit equations
R
20.3 1 30 CTR = 0.1462*Cdeficit 0.958






Air‐lift [cm] Trial  Inlet Outlet Inlet Outlet Inlet Outlet
20.3 1 0.026 0.025 0.022 0.022 0.0056 0.0054
20.3 2 0.027 0.027 0.023 0.023 0.0059 0.0058
20.3 3 0.026 0.027 0.022 0.023 0.0057 0.0059













8:30 AM 20.06 7.32 164.43
9:00 AM 20.06 7.25 166.01
10:00 AM 20.06 7.4 162.65
11:00 AM 20.06 7.5 160.48
Lift 30.5 cm QL,ave  163.39 l min
‐1
Cs  0.5 mg l
‐1 QG,ave  170.00 l min
‐1




Pressure   CO2 PCO2 Salinity  BCO2 DCO2 
Time [°C]  [mm Hg] [%]  [ppt]  Outlet [mg l‐1]
8:30 AM 25.2 761.7 6.42 48.90 1.15 0.75 98.78
8:40 AM 25.2 761.9 6.12 46.63 1.15 0.75 94.18
8:50 AM 25.2 762.0 5.94 45.26 1.15 0.75 91.43
9:05 AM 25.2 762.0 5.00 38.10 1.15 0.75 76.96
9:20 AM 25.2 762.7 4.34 33.10 1.15 0.75 66.86
9:35 AM 25.2 762.7 3.52 26.85 1.15 0.75 54.23
9:50 AM 25.2 762.8 3.00 22.88 1.15 0.75 46.22
10:05 AM 25.2 762.8 2.46 18.76 1.15 0.75 37.90
10:20 AM 25.3 763.2 2.00 15.26 1.15 0.74 30.75
10:35 AM 25.3 763.3 1.68 12.82 1.15 0.74 25.83
10:50 AM 25.3 763.5 1.32 10.08 1.15 0.74 20.30
11:05 AM 25.3 763.5 1.06 8.09 1.15 0.74 16.30
11:20 AM 25.3 763.3 0.90 6.87 1.15 0.74 13.84
11:35 AM 25.4 763.4 0.78 5.95 1.15 0.74 11.96
11:50 AM 25.4 763.5 0.62 4.73 1.15 0.74 9.51











9:00 AM 20.06 7.37 163.31
10:00 AM 20.06 7.59 158.58
11:00 AM 20.06 7.34 163.98
11:30 AM 20.06 7.38 163.09
Lift 30.5 cm QL,ave  162.24 l min
‐1
Cs  0.5 mg l
‐1 QG,ave  170.00 l min
‐1




Pressure   CO2 PCO2 Salinity  BCO2 DCO2 
Time [°C]  [mm Hg] [%]  [ppt]  Outlet [mg l‐1]
8:52 AM 25.2 762.2 8.18 62.35 1.15 0.75 126.33
9:02 AM 25.2 762.2 7.60 57.93 1.15 0.75 117.37
9:17 AM 25.2 762.6 6.40 48.81 1.15 0.75 98.89
9:32 AM 25.2 762.6 5.90 44.99 1.15 0.75 91.17
9:47 AM 25.2 762.8 4.70 35.85 1.15 0.75 72.64
10:02 AM 25.2 762.8 3.84 29.29 1.15 0.75 59.35
10:17 AM 25.3 763.2 3.26 24.88 1.15 0.75 50.28
10:32 AM 25.3 763.3 2.50 19.08 1.15 0.75 38.56
10:47 AM 25.3 763.5 2.30 17.56 1.15 0.75 35.49
11:02 AM 25.3 763.5 2.00 15.27 1.15 0.75 30.86
11:17 AM 25.3 763.3 1.50 11.45 1.15 0.75 23.14
11:32 AM 25.4 763.4 1.26 9.62 1.15 0.74 19.39
11:47 AM 25.4 763.5 1.02 7.79 1.15 0.74 15.70
12:02 PM 25.4 763.5 0.80 6.11 1.15 0.74 12.31
12:17 PM 25.4 763.6 0.67 5.12 1.15 0.74 10.31











1:45 PM 20.06 7.25 166.01
2:30 PM 20.06 7.51 160.27
4:00 PM 20.06 7.41 162.43
5:00 PM 20.06 7.45 161.56
Lift 30.5 cm QL,ave  162.57 l min
‐1
Cs  0.5 mg l
‐1 QG,ave  170.00 l min
‐1




Pressure   CO2 PCO2 Salinity  BCO2 DCO2 
Time [°C]  [mm Hg] [%]  [ppt]  Outlet [mg l‐1]
1:40 PM 25.6 763.8 6.18 47.20 1.15 0.74 94.62
1:50 PM 25.6 763.7 5.12 39.10 1.15 0.74 78.38
2:05 PM 25.6 763.7 4.72 36.05 1.15 0.74 72.26
2:20 PM 25.7 763.8 4.38 33.45 1.15 0.74 66.89
2:35 PM 25.7 764.0 3.46 26.43 1.15 0.74 52.85
2:50 PM 25.7 764.3 3.12 23.85 1.15 0.74 47.68
3:05 PM 25.7 763.7 2.30 17.57 1.15 0.74 35.12
3:20 PM 25.7 763.4 2.02 15.42 1.15 0.74 30.83
3:35 PM 25.7 763.5 1.72 13.13 1.15 0.74 26.26
3:50 PM 25.7 763.4 1.40 10.69 1.15 0.74 21.37
4:05 PM 25.7 763.2 1.20 9.16 1.15 0.74 18.31
4:20 PM 25.7 763.2 0.96 7.33 1.15 0.74 14.65
4:35 PM 25.7 763.2 0.78 5.95 1.15 0.74 11.90
4:50 PM 25.7 763.2 0.67 5.11 1.15 0.74 10.22
5:05 PM 25.7 763.3 0.58 4.43 1.15 0.74 8.85




KLa KLa  20 SCTR
Air‐lift [cm] Trial   [min‐1] [min‐1]  [kg hr‐1]
10.2 1 0.013 0.012 0.0025
10.2 2 0.013 0.011 0.0025
10.2 3 0.012 0.011 0.0024
Ave 0.013 0.011 0.0025













8:15 AM 20.06 3.47 346.86
9:00 AM 20.06 3.5 343.89
9:30 AM 20.06 3.6 334.33
10:00 AM 20.06 3.53 340.96
Lift 30.5 cm QL,ave  341.51 l min
‐1
Cs  0.5 mg l
‐1 QG,ave  340.00 l min
‐1




Pressure   CO2 PCO2 Salinity  BCO2 DCO2 
Time [°C]  [mm Hg] [%]  [ppt]  Outlet [mg l‐1]
8:15 AM 25.6 760.1 6.02 45.76 1.13 0.74 91.74
8:25 AM 25.6 760.1 5.43 41.27 1.13 0.74 82.75
8:35 AM 25.6 760.2 4.60 34.97 1.13 0.74 70.11
8:45 AM 25.6 760.3 3.96 30.11 1.13 0.74 60.36
8:55 AM 25.6 760.3 3.40 25.85 1.13 0.74 51.83
9:05 AM 25.6 760.4 2.50 19.01 1.13 0.74 38.11
9:15 AM 25.6 760.6 1.80 13.69 1.13 0.74 27.45
9:25 AM 25.6 760.6 1.30 9.89 1.13 0.74 19.82
9:35 AM 25.6 760.8 1.10 8.37 1.13 0.74 16.78
9:45 AM 25.6 760.8 0.80 6.09 1.13 0.74 12.20
9:55 AM 25.6 760.8 0.69 5.25 1.13 0.74 10.52











10:30 AM 20.06 3.51 342.91
11:00 AM 20.06 3.44 349.88
11:30 AM 20.06 3.55 339.04
12:00 AM 20.06 3.37 357.15
Lift 30.5 cm QL,ave  347.25 l min
‐1
Cs  0.5 mg l
‐1 QG,ave  340.00 l min
‐1




Pressure   CO2 PCO2 Salinity  BCO2 DCO2 
Time [°C]  [mm Hg] [%]  [ppt]  Outlet [mg l‐1]
10:20 AM 25.6 761.0 6.80 51.75 1.13 0.74 103.75
10:30 AM 25.6 761.1 6.18 47.04 1.13 0.74 94.30
10:40 AM 25.6 761.1 4.82 36.69 1.13 0.74 73.55
10:50 AM 25.6 761.2 3.88 29.53 1.13 0.74 59.21
11:00 AM 25.6 761.3 3.00 22.84 1.13 0.74 45.79
11:10 AM 25.6 761.2 2.30 17.51 1.13 0.74 35.10
11:20 AM 25.6 761.5 1.82 13.86 1.13 0.74 27.79
11:30 AM 25.6 761.4 1.48 11.27 1.13 0.74 22.59
11:40 AM 25.6 761.4 1.26 9.59 1.13 0.74 19.23
11:50 AM 25.7 761.4 0.86 6.55 1.13 0.74 13.09
12:00 PM 25.7 761.4 0.65 4.95 1.13 0.74 9.90
12:10 PM 25.7 761.4 0.57 4.34 1.13 0.74 8.68











2:30 PM 20.06 3.60 334.33
3:00 PM 20.06 3.45 348.87
3:30 PM 20.06 3.53 340.96
4:00 PM 20.06 3.6 334.33
Lift 30.5 cm QL,ave  339.62 l min
‐1
Cs  0.5 mg l
‐1 QG,ave  340.00 l min
‐1




Pressure   CO2 PCO2 Salinity  BCO2 DCO2 
Time [°C]  [mm Hg] [%]  [ppt]  Outlet [mg l‐1]
2:20 PM 25.7 760.3 5.78 43.95 1.13 0.74 87.87
2:30 PM 25.7 760.3 4.96 37.71 1.13 0.74 75.40
2:40 PM 25.7 760.3 4.16 31.63 1.13 0.74 63.24
2:50 PM 25.7 760.1 3.54 26.91 1.13 0.74 53.80
3:00 PM 25.7 760.4 2.98 22.66 1.13 0.74 45.31
3:10 PM 25.7 760.6 2.34 17.80 1.13 0.74 35.59
3:20 PM 25.7 760.6 1.62 12.32 1.13 0.74 24.64
3:30 PM 25.6 760.9 1.32 10.04 1.13 0.74 20.14
3:40 PM 25.6 760.5 1.15 8.75 1.13 0.74 17.53
3:50 PM 25.6 760.5 0.88 6.69 1.13 0.74 13.42
4:00 PM 25.6 760.3 0.68 5.17 1.13 0.74 10.37
4:10 PM 25.6 760.3 0.52 3.95 1.13 0.74 7.93
Head Space KLa and SCTR Summary for 340 l min
‐1 air injection
KLa KLa  20 SCTR
Air‐lift [cm] Trial   [min‐1] [min‐1]  [kg hr‐1]
15.2 1 0.026 0.023 0.0049
15.2 2 0.025 0.022 0.0048
15.2 3 0.024 0.021 0.0045
Ave 0.025 0.022 0.0047













5:00 PM 20.06 2.48 485.32
5:30 PM 20.06 2.47 487.29
6:00 PM 20.06 2.45 491.27
6:30 PM 20.06 2.38 505.71
Lift 30 cm QL,ave  492.40 l min
‐1
Cs  0.5 mg l
‐1 QG,ave  580.00 l min
‐1




Pressure   CO2 PCO2 Salinity  BCO2 DCO2 
Time [°C]  [mm Hg] [%]  [ppt]  Outlet [mg l‐1]
4:55 PM 25.8 761.0 6.10 46.42 1.12 0.74 92.58
5:05 PM 25.8 761.3 5.78 44.00 1.12 0.74 87.75
5:15 PM 25.8 761.4 4.42 33.65 1.12 0.74 67.12
5:25 PM 25.8 761.2 3.62 27.56 1.12 0.74 54.95
5:35 PM 25.8 761.2 2.70 20.55 1.12 0.74 40.99
5:45 PM 25.8 761.2 1.85 14.08 1.12 0.74 28.08
5:55 PM 25.8 761.1 1.24 9.44 1.12 0.74 18.82
6:05 PM 25.8 761.0 0.92 7.00 1.12 0.74 13.96
6:15 PM 25.8 761.0 0.70 5.33 1.12 0.74 10.62











9:30 AM 20.06 2.41 499.42
10:00 AM 20.06 2.38 505.71
10:30 AM 20.06 2.29 525.59
11:00 AM 20.06 2.47 487.29
Lift 30 cm QL,ave  504.50 l min
‐1
Cs  0.5 mg l
‐1 QG,ave  580.00 l min
‐1




Pressure   CO2 PCO2 Salinity  BCO2 DCO2 
Time [°C]  [mm Hg] [%]  [ppt]  Outlet [mg l‐1]
9:35 AM 25.8 761.5 4.90 37.31 1.12 0.74 74.41
9:45 AM 25.8 761.6 4.20 31.99 1.12 0.74 63.79
9:55 AM 25.8 761.7 3.50 26.66 1.12 0.74 53.17
10:05 AM 25.8 761.7 2.68 20.41 1.12 0.74 40.71
10:15 AM 25.8 761.8 1.76 13.41 1.12 0.74 26.74
10:25 AM 25.8 761.9 1.38 10.51 1.12 0.74 20.97
10:35 AM 25.9 762.0 0.88 6.71 1.12 0.73 13.34
10:45 AM 25.9 762.0 0.68 5.18 1.12 0.73 10.31
10:55 AM 25.9 762.0 0.58 4.42 1.12 0.73 8.79











2:15 PM 20.06 2.43 495.31
2:30 PM 20.06 2.47 487.29
3:00 PM 20.06 2.34 514.36
3:30 PM 20.06 2.4 501.50
Lift 30 cm QL,ave  499.61 l min
‐1
Cs  0.5 mg l
‐1 QG,ave  580.00 l min
‐1




Pressure   CO2 PCO2 Salinity  BCO2 DCO2 
Time [°C]  [mm Hg] [%]  [ppt]  Outlet [mg l‐1]
2:10 PM 25.9 760.9 6.40 48.70 1.13 0.73 96.84
2:20 PM 25.9 761.0 5.72 43.53 1.13 0.73 86.56
2:30 PM 25.9 760.8 4.10 31.19 1.13 0.73 62.03
2:40 PM 25.9 760.8 3.38 25.72 1.13 0.73 51.14
2:50 PM 25.9 760.8 2.10 15.98 1.13 0.73 31.77
3:00 PM 25.9 760.6 1.70 12.93 1.13 0.73 25.71
3:10 PM 25.9 760.3 1.10 8.36 1.13 0.73 16.63
3:20 PM 25.9 760.4 0.86 6.54 1.13 0.73 13.00
3:30 PM 25.9 760.3 0.61 4.64 1.13 0.73 9.22
3:40 PM 25.9 760.6 0.45 3.42 1.13 0.73 6.81
Head Space KLa and SCTR Summary for 580 l min
‐1 air injection
KLa KLa  20 SCTR
Air‐lift [cm] Trial   [min‐1] [min‐1]  [kg hr‐1]
15.2 1 0.032 0.028 0.0061
15.2 2 0.031 0.027 0.0059
15.2 3 0.033 0.029 0.0063
Ave 0.032 0.028 0.0061
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